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Jl 3 yjJ) 5 jl j j ^ jL^ 4-fLuSJl I JUb JLu) ^ V* 


Iff act of Meat on equilibrium 


k T. W-T. U 


J>»v >>uj i+i JI«| JWX) Yj JL*J JUIfi' ji tfMM* 
i-J uiu j« jtfi (ihali JsuJYj wJLijj nfii'ilirtl Ji) «UUIi 

. ivJioJ' i*W' ili» 

jj'juLJ' jijJi jip 

.4U jfl' ji iuu- JaatfU >sS« .4USJLI » ji i>i utatb j&' 
jUiY'j .J*ilU bLj> jtS |«l£ lii .*Ui <C tj) <uix'b jLji jLiY'j 
*4* j * jU ii< <u*i jtjjjj -I*li) iijxt j* a&Uj U jji jUiYi ^j-xi 

.’Jkliillj fl; ujl 

^IkiYlijU 

u*x’ )C*U lii OmU> JjSj ji jtfk jululi ^ JU.MJ U)U U uij ’ 
i*u>' i iLnYt >il>i ji ; j*Y' j* >»i ^ jijJuY .Ifj'fr j* Atipi 

.4j) jjSmm 1 Mi Y t ilullll UjJajYj 
.^UjW 1 iU^Ji jfM 4ri£ll* jjG ji jU«)U 4£lU) «Uji Jaatj 
j»*4j ji iUwYi Ji) JliiYi Jjj j.jJi <«ui J ji ^ A£ifa Ujuji Jj 
J jiJi Ji Aijbij *!*-» Ytj Jjil' j« u jIjlmj (tULI 1 i&)j 
,'iiju j jit jtS Wj «jbu4> Wj .*Ji) iilijJ' J+J-t UlSj . <U.;U*J 

^ J-uUi J/I ji HjUil' yja j>) lUxJ' jiljfe ji> jjit ill* 
j*j yijarf* Ji <uij J«jJ UfHj .. J' j-J> ijy 4) J y'j U iuii 
i jlil* u 1 j*J’ JI 4J J**' ji *Ji JtJH ji 4il JSJ Ji 44kl ji yl j* JS 

.“jUjJ'j 4Mi!Uj OlijtUj jl*2 tj JiaMi 

Jifil j*»< ji «Jj4*J Jh. jJ jji 

j* iijlr 4Ujb iUr j* jJu£ ^ jaMj i>«ltj nUJU <U£ iUr* 
juMt) .iilj Ji I 4 ^U J*m») jjili 1^41^ ^ JsLt u^l'1 yli tin 
4*) ji Ji wLS j AijJuYj 4«ij («U)i j* Lm ji (CkJ 

LL« ji j-X'l jii 

JU! ji J >6i jfa jU > Ji> ^ii «Ui Jji Mill’ 

.’JJl ^iU»j 

^UaUi >4t jii jiJJ' jU 





fl-d a u llj *LlJjJJ) 3 jIj j 
L-uSJi ^LLaja 



l£ jj! 'It ^iJLiJt * oj^A t 


I oLa^JIjoc. . j .1 

I»Ua » jj lc .1 


jjtaJI J-ifc ^4w 

OjLUI jiy 

.1 


J.i 

!.j 
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^LuJt JI^JL«X«.I 
g Li g - iSU I ^Lc. <L>- 

u (<l>t 4 (*^ 0^1 ** 

^tAUXt J£j*J fiU^SSi^x^ 


JjdlJL£jJ 4 ^ I.U >4 . J . 1 
A-Jj) < thT I g Lcg-tSU I j LLu/i 

^^«-UA> AJAJ I^uy . I 

g Lc g - tSU I Jji <L vj^« 


^tAl Ij^J JU^I .1 


t^bJl Jit Ij^Yt 

5 j L g j LtuIItuLg l-uISIa 

t£fcLM*t J»t>fc Yl 

I .a I ^LUI j&jj* 


3Lu jJJI 3jtjj ^jL>> l IJL* Jjl JLu ; 


r*>v-r*u 


yv 



£ 443*11 VL^SLX^t 4 4uJu±+J) ) 3b**ll jJi 33* j^*3«*Jt A-JJiy*! (%XLa3J* jj^Lj jlla* ^yi 
l^IdJjj 3Lu«ljjJl uL^Lim • 133 j^U (% j 3 Lu^ 1)I Sjljj I4 J ^>aj 

3jl_A4b*Jt 3 jl— jL*i 4 *^-^ 3L jAi j Auj j3Jt j ^ j 3 / j>^Sjl 1* 3LL*Vt *JilS jl 3A Siiuoltj 

w» l 3CT 1 ^yj 44 iS jL*u.»j 5 jt j^lU *L**u£lt ^> >4 y j j^bLUb Jj ^ •*■“**< 

. ^ilQlt i #b+u£)l 3 aUJ ^4±aJ* ^jSfcllf <L*->» 1 y 4 (%4 A<a 1 3-iLi V 
t ^Jt 33 At l ^ll< 33tfeL3>Vt j u^iJidJi *t jj^b aJlISL*)* AJb*Xlt LX*ti julj 

3jLc* 4 >l|lib<t jA wJlLall ^^ 1 * t 1 >>*Vt aIaXLw* 4 jjy»*lt jJttAfcItj j* ^S3Ji j4 (I) 

. 3Lij>^Tt SLa^bt* 33lAbL>Vt AoS>4^1 3313* aItaa1<4 (^^bult 3LfrL3»t (?) 

« A>*eL3«aJt b313jjitVi j AujuuJi l^ji Sbjtlb A-*t jjJt 33 le 44 Iaj j (T) 
. Aj^SLilt wxjt44fcl» AJ 44 J *Llc>J» 4 ^ Jt 2 Lcy 3 bjJt 33bt)ljL4Jb ^UuAYt (i) 

. A aIax 33* ^LyyJiSV Ll+jk* b-ijbLi *1 >►* wJlbU JLuIj ^^I lt 33 Lc. >-3 44J* Jbot (G) 
.2b*liJt {4 uaUl% 1( 3 U l U bA *Li4J4 A a.-ta j JlSLiY* jAa,» j* jlc .1 ("l) 

cr LajLU A*4 i Vrt4 yt CulIj ubSDl Jyoi JS A^ljj y*)l JIULiyi JUJLxi (V) 

. 1 aa> U ^ju (% 1 a^ 1^4 uJlliU I jJL 44 

♦ <% L *b31f A3l3i4^}t 33b#3>n*lt (% a a 33T* f 4I5 (A) 

i*cluJ j^Sju j I 4 Vi > UJl yJj JaISuJ ul 4-1 * 3 Liu.4J v ^Xe j yjAj A-Jbfcl* Ajj^wt ^ ^jLL£J * 4 
.3ju!m 3Uluj A if* 1*4 m* uLLuIaj ^^Xe JaIIjj A-*^JbJt ^aLLa^ ^ 4 b^uSLlt uuS ubyijM v« 
yll 3u«4i)t j^ajIjl*!* V4 ^a>4*1j jlLbV(4 ^.aLte^I 1 4 uljJLi SUaHj bb*lj bb^Jb* j4<JiUj 

• c U ^ SLl* ji^Jb >44^1 3 4*^4!^ b3je3» 4 

wjO£)i »a*l ^Inli £ 1 >tyi 4 3ulil» 33tj e **31b (»>Uil ^ALlSLL^V* jSjJl/tliuif 
AhaoaK ^ jihwVl JJLa JUy Vi 3 Let y j 4 .3 44 X 3 X 1 Ai^tjjJl ^aTSJJ AXUjJ* ubLdtjAll I3jilr> 
J4S fUUAlj il^jilH 3 aU« 3 > 4*11 44-aJt gn jliSVt4 . jryji A^t jV tjl^ W £* 3 jl**I>I1 

Jl^iilt f U3bYt 4 ^ Al 4 X^ 1 1 AJJbVt 4 AidlSti* JjLo^XbJJt 4 3bl^Jt (%u^Lolt jua.ih’J Jt>li 

. wJlLall wylL>> J^LaS 

Ab^oSlt Jb*4 3Ul jjmJi 4 (%JLAL1 1 jlJla t jjl-aa 3 jujl^Ji Aj 44—* ^ wibSUt iIla J >SLj ji ^.Uli 

• ^ 4 -Jl 4^114 ^b*JJt (%^1 JjJLLlt IJbMLJ u3&r* J*4 3 4 ^ j-tlt AjLilt JJiau JI 4 


A-aLslI I Aj jjIULI zLl a -SJ t 
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4-4 LtJI i l&jlSJ\ 
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* o\ 03^ 6* 3LJt2SjVt ljLJ c-JOaJl 2LJ lj* 2Ut£ ^ 

♦ ^J _jV I A^IauV I AIjmJLuJ I j- 1 ^ ^ USjJLAJ - 

I *LJ 1 rtTi V I ^JLajJLujJ I 1 (rVI ^ V t c^jjilcj - 

.^jVl 2LJ12 ^jV» 2uLoJLaJ» j^Qxf c-yS >111 coIISLj - 

v-lt) i Aijju&j (III) ^ 03^ Cz${ (II) t 03^ SJLuSl 4^34 "' 3 - 

♦ j-a^LiJt l l JLtaS HU I ljVI^ .S JL>0 - 

^t I^TtV i j. ^ i uSj^lj - 

* ^LJLSIuVt j-i^LaJl u&^jlju - 

3-iLjj^i A^IauV I AJLujJLoiJ I qJsjla ^jjjJij - 

^ jjUSUV I uxuSjIttl <j-a ^Lu^ulat uJtaljLJl ij ^ JL>o - 

♦^jjUSUV I I^juSjJ j ^-JLSIjVI ju^LaJl Cj\jj^\ (j\ jJi jru *L3^/UJt ^jJd3-* - 

J^l jV I A-jJ UiliV I AltaluJ I f* t JL>i1LlU t ^JrnULJ - 

. JUJL>Jt Ljlal^ l£jj£L* - 
r^n^Xi <jlj^V I *GULi* <j-4 JUJL^JI *\jtgr ubj^u-* - 

JJ? J lIIj LloJ t U^JJLXJ - 

♦ lIIj Lctal I cj La t Ji^uujj j ^ JLjlJ - 

♦ ♦♦ 




y 




2lJL£o!>M JjVl ljLJI 


Transition Elements 


a_jizuvt 


jJ I Jj ^uL> L.'t.tf.l jrCLU ' (p) , ■ id.t t j~ua Lc^ j (S) 4t,,ifl,tt ja^LL^ 4 yjtSit t a ■ ua) t LJL luj* 

J jJL>sJt I JL±> C7 LxuijJt 'A'^t^W 1 JIoo 4 ^ 0 ! t <L_J Ullu V t jma l_bJ I 4Lu/tj^ JL>bXt t JLfc 4 ^ J j L-iLlo/ j - J—Jjlal I 

* 4l£jjjtXt j-uaLaitt .i JLC, i Jy» j4£t tfi * j ^ 60 £>* j^£t &l\£t (J+jLluZ j +(j^jLuti\ jrb Li> j£J 

: U-l> i 1 4_d LiiLo V I ja<d LaJ I p "< ^ *< \ j 

Main transition elements 2 Luu,u jit 2L4L£uVt j^LuJt • 
Inner transition elements 2uL>*tJii ^LiLZuVt j^LuJt • 

♦ *Lc uumCi jJ t A-4 la.TV V t ja^Latt t 4La/ t j JU ^3353 


4 Irttt jl 4^w.uji i AM*r t \*n J 


*j wjA ^ "‘“j (d) w ^ j I l£j—* uuXi $. ^3Lat 4L_ua-tJ jit A -jliAuVt j ^LuJt 4^— d ^.jIXLj 

jj *sj j yjjLou L^JLa J jV t ^ J_^jj t t JL-O - 4L_u*tj 3 \ orl 3j lLc. J— 4 uj SaJ w tJLi 4LjL3jj3Sit 

^ ij— ^jit ^^-it 4J <rVi w (d) t 4^j) ~«>tt 4 ^LJUt 2 _jLHLj ^-3 (n — 1) d 1 ns 2 4^3 jjUSiV t L^jlj£j3 

jr\— *4 ^yit jI—o^lj j— 4 3,\ ^rVl aJL^j *(n — 1) d 10 ns 2 ^,3 jjUSiy t <— L-j£j3It aj— t^LaJ j-j-^Vt 

(7) VIIB , (6) VIB , (5) VB , (4) IVB , (3) IIIB £>L^j+*l\ ^ 3jl_uc ^ ^jjJLit JjJL^tt 
4y^j (10) , (9) , (8) Ljl_^j^>dt 4y^>j 4Lcu/tj 3JU^t <3.^13 ^ylc, J.<^lu 3 4^31 1 VIII ^L-laQIt 4L^j^>4t u*3bo 
ja^Ludt jrt_J aUUJIt j_4 j3£t ^ < L^j^Lu^ jr\j 41 _jL3j Jjjvj <jr J£ (B) Ljlcj^>«Xt ^ j—c c 2t iloo 

j^LuiIt tartl L3jt jJUjj (12) 1 1 B 4L^j^j>«Xt (11) IB 4L^j^j>4t ^JUliit ^L^j^>4t ^3 P«L_cu/t jit 

t 4^A i^jtf^t ^Jjt 4ylt ^Lct^Lp jit 4Lil3IuVt 
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First transition series * ^jVt 2uiizatf t 2uLaJLaif -> 

^ ^luJ [S3 t JL ju 3buljJl SjjJLlt ^ j (3d) ^^-^jolt ^ 5L3UI j-iQo ^jJLJt ^ JLjtlt 3 ^LjJ^ 

(4s 2 , 3d 10 ) 3() Zn i j^aJuu ^£u3j (4s 2 , 3d 1 ) 2| Sc ^ ISLoJ t j. oaJau t juj j^Uc 3 j-Zue, 

Second transition series: ^utui 2uii£utfi suuLiJi -y 

3 jJLa j 4— i.u.4 13J 1 3jjJllt £4J j (4d) ^jjumX) £. ^Llat 133 j i£jJLl t .aJLjtlt 3 ^LjJ-j 

(5s 2 , 4d 10 ) 48 Cd ^j-o-alS^t > t A cxj (5 s 2 , 4d ! ) 39 Y 3 j^»U^ 

Third transition series: 4 inm aoibotfi ai^iuJi ~r 

3 j. ui,c j A—uO Lo*l t 3j^ jC t j (5d) w ^ j I ^ >Lolt 4 ^CL^t t (fc* ^j133j t ^JuJI 3 ^ L_j^j 

(6s 2 , 5d 10 ) 80 HgJ^JJt ju^lxj ,^333 j (6s 2 , 5d ! ) 5? La j»j,ui3j^lt jju3 >«>Lc^ 

Fourth transition series : 2 ujI ^ t 2uiUotf t suljLuI ! -t 

/wLsuLalt 3jjJLh ^ jJij ij (6d) ^jjumX) * ^CUt 1$^ ^jLcu ci’jJdl ^ JbJt 3 ^LjJ^ 

Z | ~s 

First transition series = aj^uji 


^ ^ jS ^ ( V ) ^j)ji OlA} 1 ^ (Ti) ^^uULcit^ (Sc) ^ j)j i O lS lm V 1 5 ^ A Lalm J 1 dJl& <C St > 

. (Zn) j (Cu) j (Ni) JSLUll j (Co) C4 j$£J t j (Fe) jujl^Ji j (Mn) j (Cr) 


Zn 

Cu 

Ni 

Co 

Fe 

Mn 

Cr 

V 

Ti 

Sc 

jv2 JL*Jl 

0.0078 

0.0068 

0.0089 

0.003 

5.1 

0.11 

0.014 

0.02 

0.66 

0.0026 

0 JjJLj 7. 


4 j ua jSf 1 t ^2 ^ V t IST.V t ALl ■uiJLut I LuJ t L j <U>dt 4— cun itt JjjLtoll (Jjt \ *+s)\ (jh— 

L£Lc*At 4jt V { <Lua3jV I 3 jJm£X I <jJl$ o- 4 ^ I <j^5o A jl +a z>v* V t *L<1 LaTiV I AlmAo*! I <jt 

: ^Jb ^31 1 j 3jula£ ~<Ls± I <rV<^y I 


Ajlujj A^L3»t Jul&j <Lu<3jV t 3 j. ^4 ^u/t j IJL^ 3jjJu& cjLl^SCj i \ ^ j-j : ^ j < i^tc ,„ti _\ 

Ljtjblb 3 Lc.Lu<3 ^Jl>Cllu3 \jJ 3Jlluj JLUj /ASLullu <jjSul3 4JU 3uLu^3 

4^L4-tat t £ 4.ca>j >.3g. 13,0 1 ^ j fA ^LuV ^3-CiJJ t 3^3ol ^ujLo 4 c^LAj Ajt . 4_b L3Xt ^c_tXt 

* J-dlt ^ Lb t 2tl3t t jj^ ^31 1 ^ujLal! J JkJb ^Jl>wLaJ t jJ 

.4^13^ AJta Jii <L3iiy j 4 Steel ‘jt'^tlC ^j^Lalt JLoJl3 ji ^a3^ : pj_uLLUt -Y 
t3)Lo£j4tj Ljt J^jlblt 3 L^LLo ^J_C 44jlVt J_4 A-SbLxut JL->t3.ab J 
C^jlt ^ 3bt4jj3t 3jtj^Jt ul>j^ ^ A3 jLU 3^L>ij 4jV 3LuL3iiilt 
iLc tjj 0 1 4^ j*JL..WuaJ L4S t4jlVt 3 LjLU ^ J^&uJ ^JJiJi 

jjj* gjj & ucoLtto V j 4,^i 3lj V p " 1 ^ t J)V ^ j ^ t * /^%t < c j_u^liiXt Ij J)L_LtuV I 

(TiO J j*$_pLLj3Jl JLua^t ^jl3 v^ouLujJt oL5>4 4.0*31 1 

^3 ball t j» JL s^LujlJ ( Y - > J5L A ) J- 4 ^ &*** '&*£} {yA ^UU^Jt 40t><i ^ COL4U^*$>J J>>Jj^Iilt 

Qt 1 f» V< V <jj ~tt it^ r .JLL>31 *iLc>uaoI-Jl 3(3^ J>o^j j-14 <Ujjl31t 42312^ 








AOLSSjtfl ljLJI 


3j-u£ 3 jJL2j 4jJ L c, 3 ^Luu4j J-o-o 45Lllu/ <j^SLla a t 4Jc4 Lluo *Lloo 4£Lot i \ *< r : ju LU l —T 

V 0_ j*j) Ji JLuu£t ^jOjOG* 4j IjSjO ^j-4^ .LjtjLaalt ljGjuJj 4.C Luo ^yiS j*jGbLuO I jJ ^J^LJt 4^4jLl4 

.Joo^tft 4 ojG lj Lo-jIj Lad I 4»c,Luo ^ jUlp* J^U£j 4£.Luo ^ 4* uo^ ^JL>iouO 

OULm * 4o^^J t <J*4l JjJ t ^Jjl 3 j*^ioJ 4oStl ^y—J Lc^ j Sd t iG Laud I 4 jI L c 4 jvj J ^ : ^jOLlt -1 

f 3 L>uv jjj C^Tti JLuu£Vf oLJoJjv (QJ>uw {jjSLij 4>»Enm 0 tr JLuu£Vt (j- 4 4 tf <t^ jj5j ^y—f t dLJt 3 

£4 <J— c. LflJ J tj»^LU/ t ^US JLUa£Vt 4 tf it^^4 LoLujl 4 JU_4^ L^a 4_aoU j-<oodt 40tj3 

. J^A^Jt 44 L) J) J bttt ^yS fJjSS I j*JL^CttOJ I Jr\J>s.ia£i 

<oL 4 j^j£ ^yjLij ^Ll<oV t (J 4 ^ ,* Jl3k4ojO ^JLl' Cr 2 0 3 (III) JllujS t 4 n3 Lull t <oL_c £^4 iJ—*J 

& JlmS 3^L*£ ^JGLLao t K 2 Cr 2 0 7 *^_cujG ijpdl 

3 J^LO L^jl J j*jGtOuO t JlJ i3 JLoJLud t 4lu£ Lia^l 4 Jrt *dt 44dG» J, J < ^ Hi j*i \ WI mj V t j ^ubv d I -0 

L^jV ^ 4 jJbJbJ) 4A£_ ml t < ^ ^ J»u(j> Ll l I j-4 JljJl >^} I jUj Luj ^JlJ>uluj3 j «ljL ji lILjLlo/ 

Drinks 4 ojGlt 4 oLjjjuait 401 Ijjlc. 4^.Luo J^ L > J dt £_4 ^jJU^lVt dGU-m ^jl^Loj j cuJLoif ^ u^JLot 
JuuSjj* (Jj*lcr j^j MnO JuJL>JIi jluo^i o^L» : 4,4 1^1 1 J, J u> J d t ljLl^j -4 ^ j .<J£LHJ L^IUjiot Cans 

GLuju^j 3j^l^4j 3jllu£jj* ( KMnO oLL>LUj^j^L>JI jJl 4 ^ Luo ^Jl^ujm^j 

LjGjIa41l JLucg^ MnS0 4 II JuuoLUl 

<-jl ) lj ^^I4X( ^ 3^ ka it \ j-Juuu\ $A j ISLmJ I j ?, I j 4>fcLot ^ cJ LLo/jOgJ I (^|\ WwoJ : a_joj>JI -1 

jUill Jj[^oo - j^jIa) 4oJjIaJ Gul J t j Lc, 4^Luo jlil> |*JL->bUuJ L- 4 S i4_p^ljo^l 

. ( - jJuu u^ ) 4 tf jjIaJ J-iLa/ j I JLuu^l JjrO^ jjJLi^t ^4 ^yJ IXI 

j ljI fojVvLutX^ 4^ Luo Ui-V^uLtaJj Jji2 fj] ^yS JUJoJt Ccb^s^t 4_LtgJ : cdbjsai -V 

>4 Jl jJioJt JjljLcuJl ^yS 4^bjl lj G j LL^J I 

314JJI ^ylc. 4-JLc, 3 jJGj 4Jc 4 3j^Lolt Ui> 4 jl^I JLU3 ^ JlI I 60 Cdj^SUf Llul4 \j-da3 jJLe, Lot CcbjiLll j 

3>4mlt *^tjd GL>^UXt 3^ jov j^Glt ^yS j 4ujt JJilt ^t ^Xt ^4— f 

. 40-uotn ^IjjVI V 3mCtt ^yS od^t ^yS ^Jl^LuUJ iCJ^Lojlt ^loj J 


^4 ^JSLudt lIIj Luu Ju^Hj >^V>fctLiJ t S^LcV 4 Ij G1 1 ^^4^1^ - ^jSLuJt ljGjIIaj 4^ Luo ^JSLult ^J&uluxj : JiL<JJ I -A 

Ij£^u4u}t ljLlU j JSLUll c£GLxo ^JL^laG J 4-4 jLa 4J t> \ <ott 4_4 jIa4J 4j5LoHj 4 4 Lott 

i^-L4>»-d JSLU1G 3j-u^ 4 J^Ijl 4 ^\EVi j jtj^^Vt 4 jvjjJ 4JG^u4 j J^Cdt ^jGj I^jV i4-Uj^5dt ^jtj^V t j 
.o^jJJt 4 jvjJL^ oULul ^ tjj>dt JSLLJt ^Jl^juuj .J^o^t ^ASlui l^d^juj J^GJt j 3 JUu£V t ^ 

ijJJfjult ^-a/G ji Ji \ Ortt t ^4 4HSL4-CU/ OjUkJ J ijLaoV t 4_3j^ jJLd Jjt - LupOjG - J l>wd t Jjuxi : ^j-oLsOJ t 
^ j .4-uJLxXt t ciGLowj 4-uj^Sdt Jj^bLS^t 4^ Luo ^yS ^JL^Iuaj t jd ^ Gj^SlU JLcv J^oj^4 ^uGLdtj 

LjGjdaojd 1 \ J 4 4^ 3 1 \ J 4 4^ ^JL^vIuOi J i^jJ t (CuS0 4 ) II l^wd t 40 i— OjU^ 4 > jU^xal t L>iJJr t 4 oLb 4 S '^4 

jiLoi ^ 3/t>Ctt ^y-S - ^jul^Ldt 4oLl^J-4 ^j- 4 - g— Jjl^w4 |^^L>G.taJlJ .LJ jJldt jLl4 4 JtfVi 40 1 jt4^ ^yJS 

Lj Ij-J t JjJl^ t ^ t J[)jV t JjJl^ t J^XU 4 lu> t 

JrUOjGJt 40 Ll£>4 J > t JLol t l£oUj>J 440tJJl4lt 4y^G 4 JulLv ^ ^UojGJt 4oUt JL^ilut ^t^H4 J^jUJ : ^jj^jL>Jt » 

JuUUjjjS LjS J.4J Jo^jlt 40tji m4J J^Uatt j 4oLl^jJ t 4^Luo ^ J->JU ^411 ZllO jrUojGJt JLuu£t > 3jJ&uj1 t 

. 4jJLualt 4 jlu V t ljLj Lufj 4a-uolt toG^Ualt 4^ Luo ^y^ ^Jd t ZnS jrUojl^J t 



I loJIoJ 1 4 I £ LoaoSLi I 



: JlluS Lit i cj V L>> j jjLISJy i l-xaS^JJ i 

lj V b* j jbilTbiX I Jlu£ Lit I lj V Lv jVI^LJIauV 

« 4 jlj LoiJ I LfcJUuS b 


c^LS" jll 

L^J-4 4jtj\_bJl J 


4.P 

jv2Jjdl 

Sc 2 0 3 

3 

[Ar], 4s 2 , 3d 1 

TUB 

21 Sc 

Ti0 2 , Ti 2 0 3 , TiO 

©,3 ,2 

[Ar], 4s 2 , 3d 2 

IVB 

2©i 

v 2 o 5 , vo 2 , v 2 o 3 , VO 

©,4,3,2 

[Ar], 4s 2 , 3d 3 

VB 

23 v 

Cr0 3 , Cr 2 0 3 , CrO 

6,®, 2 

[Ar], 4s 1 , 3d 5 

VIB 

24 Cr 

MnO z , Mn 2 0 3 , MnO 
KMn0 4 , K 2 Mn0 4 

,©,3,2 

7,6 

[Ar], 4s 2 , 3d 5 

VIIB 

25 Ml1 

Fe 2 0 3 , FeO 

6,®, 2 

[Ar], 4s 2 , 3d 6 

VIII 


[C 0 FJ 2 - , CoCl 3 , CoCl 2 

4,3 ,® 

[Ar], 4s 2 , 3d 7 

27 C0 

NiO z , Ni 2 0 3 , NiO 

4,3 ,® 

[Ar], 4s 2 , 3d 8 

2 8 Ni 

CuO , Cu 2 0 

®,1 

[Ar], 4s 1 , 3d 10 

IB 

2©U 

ZnO 

© 

[Ar], 4s 2 , 3d 10 

IIB 

3« Zl1 


(tta& giOa>l Jj t ) 

: <jjb U JjJL>tti < jj * ^»*ibj 

I jluj 9() Ca ! [Ar] , 4s 2 I j ^j^uaJ l£i < juu ibuijii SjjjlII ^t jVI *LJbujV I ju^LLc jZi - \ 


juUbb JLLujjI cr-^i 4 >a* jjjaS^b (3d) ^ £Lu±+.\t ^LajubJI ljVLLujjV I * i&al bUls Juju 

♦( 4 JicLs) (3d 10 ) 4^1 cJ s d I t bU ^ juu 1 Ijuj (3d 5 ) ^-ui^uXt 

(4s 1 ,3d 10 ) 29 Cu^t< l>wJ< ji jl^ j(4s 1 ,3d 5 ) 24 Cr^j ij£if 43 (> ^ t ^ t i c-u^jHi c Tn mj - Y 
(jl JL>u ^j^bKjJt 3j!s jr b - t la- 4 t 3d , 4s t Jjrujj^LiaX) <jl ^^jSJ I 3ji ^—3 1 \ >i*i Cl-o* 

jJ&t ^5 Lb Jai j^Sj 3jjj 1 j)b bli jjjjjiJij) - $. ^CLa V I fb 3d ^ j^LtaX t ij ^JLU ^ 1 ^ 4s 

<J*aL£}t a ^Alb V I tj\ (d 10 ) a^CLaVl j*b (d 5 ) ^JLla^a 1 a ^*1 i^jjumX t Jj^Sb La jLLc, dl<«t 

<.ua£j 4) j^aJudJ JjHSU V I I ljLlu! J^aLsdl I ^$LLia.a,tt j i 



















JjVl ljLJI 


Fe 2+ : [Ar], 3d 6 


T T T T 


i (III) JUJL>JI I (jyJ I (II) I (jjj l Ji.uSh J g < dj liU 

5 (III) (II ) I 4 ) i^j I JlujS b ( * l it LgJc-O 

26 Fe : [Ar], 4s 2 , 3d 6 y> A-^-' ^ P 


-► Fe 3+ : [Ar], 3d 5 


T 

t 

t 

T 

T 


d 6 (II) JiJLi-l 0 Jjj 


d 5 (III) 0 j4 


j5sJ sl4' (_j* J^-Udl jy-o IdJ (d 5 ) cA-v^j 3d ^451 <_£ oV I jl j£S3 (III) Oj4 

,\j\ Jc^\ p^\^Sji\ 
25 Mn : [Ar] , 4s 2 , 3d 5 5 j4J j 3 j&y\ ^ p\ 

Mn 2+ : [Ar] , 3d 5 aa "^ » Mn 3+ : [Ar] , 3d 4 
Mn 3+ ,j — » Ijl jiSl U_! (d 5 ) Mn 2+ 0 j— 3 ^ 3d ^ j-sJl (_g j t .*J 3 d)l 

. OwLww^S^^fl 4»4o^P C - 


'J 


V 


4s 1 iS 1 I i \7t h\ 3 j (+2) k.\.LuS LI ! I dJ *LJ1 3TiV I 4. L o. L al - V 

3d ^gjTuuV £y* I Itfrtl VI JUaSGlI ljV L>> 4 ^ j (^JjblSlaJl I JUL la) 


^ J ^ ^ * j- ^ ^ 4^ 4^1 4^H^ ^ ^ ^4 JUu£Glt uVL> ^ I - t 

(+2) JUa^GlI L>* 4 yJl J^aJ 4 ^H^ ^1113 Jbu 4 ^a^LcIll 4 ^ I JLlJ ^ . (B) ^JULaJl 4 ^ ^ ^ JLi I 

V jj^JLG. 4^V JUaSG \ 4jl g4«VM i£tf3 <j* 4J (B ) *LuQll % r J .gj>4l 4^fl (^igjUJIji (4*>r 4g-^ 

^ (i^irttlj 4 ^L>J 1 I 4 ^Aj IB I JLc- la L^_Jj 2 L^j-o^>*XI 


4^111 iLHa-tl LjlJ-lall 4 ^ 5j^UaII ^ JL^ J^jv ^Ij V la^Lu l^JUa^G ljVL^ j JLsGj ^-JIauVI j— t^Ujdl Ji j - 6 

ja^Ludl JLu^b JLul 3j iIa! I 3 J i^^itXl cjIjj ^jUSCIV I 4 ) I "* ajj - 3 JL^ JUa^b 1^1 j^Sj la bil^ 

JL>o I Jll ^jLZJIj 3d iballait 4 ^ ^Lla L-UjJali pi 4s L gjTuaXI & a ^-JGIuV I 

3jJ Laa 4 >jG ^ (j * 4 j-tGlj JLu ^I^JG 4^1 13Ij V I JJiil I 3jJll ^LJLGXl ^Gll cjQUs 

.^-JLGXl JUa^QII uVl> 4 ^ Jj-a / 4 J^^jJLS1Hj 


V 

648 

v + 

1364 

► 

y2+ 

2858 

► 

V 3 + 

4643 

V 4 + 

6523 

y5+ 

(4s 2 , 3d 3 ) 

kJ/mol 

(4s 1 , 3d 3 ) 

kJ/mol 

(3d 3 ) 

kJ/mol 

(3d 2 ) 

kJ/mol 

(3d 1 ) 

kJ/mol 

(3d°) 





Jl^v 3-iLjJJI ijt J &t j j& jfc^ULajJVlj (*JJ \J <Jjo» <QjUll UtJJilli ^j3 Lai 

jutuS t_ i j m~ij AjV i4U3j I JLv 3j-j—iS fk^tta^lV I ii L>- jjljJl j fjjmif Ul ii L>- < _ 7 ^ CJLJJtj j^j _» aj^aJl <LJU. 

.^aUlt ^Lj. 4.^1 J^UlLUj Al 4+ j\ Mg 3+ jf Na 2+ <J* Jj — J 1 j<V 220a 


578 kJ/mol 

Al° , 


1811 kJ/mol 2745 kJ/mol 11540 kJ/mol 

Al 1+ > Al 2+ > Al 3+ > 


i Jjj jWi 

Al 4+ 


(2s 2 , 2p 6 , 3s 2 , 3p‘) (2s 2 , 2p 6 , 3s 2 ) (2s 2 , 2p 6 , 3s 1 ) (2s 2 , 2p 6 ) (2s 2 , 2p 5 ) 


4 jVl L U cSI^j 1 &Jlu £\3 uVI>j *LJL ZuVl ^.Lalta! 1 jjo L uti LL^tj^LLu/i Jbu *1 

* j*l^ ^LJUaloVl j-^Ludl lJu^ju 

4^ jt ^ pIjmj IqjSJ j jJllLa f j) d ljVLLujjV I oj£* 

, JJLujS Ls CjVL^* 4j^ ^ 4^1 




L-< I L LUe 4_*_J LaHj j lie. i ufr U ! J a ,>> siX Coinage metals 4JU.Liic.ijia jU 

: 4 _u**jL>J ' l^j^rLLojjV ^jl^^lLSLJ ' 


29 


Cu (4s 1 , 3d 10 ) - Ag (5s 1 , 4d 10 ) - _ g Au (6s 1 , 5d 10 ) 


: 


^3 l) Ujip ^50 j 4jj 5JI 3Jld4 (d 10 ) cdjJ-iJJ (d) ^p jdil ^i^d.1 <j\ ^>mi 

.aJLaijI jv^Lp O-iJ (d 8 ) (d 9 ) j^p (d) ^p 01 (+3) (+2) 4_Sl>- 


Y l_o j jlj 


: 4_uvjL>J I I^j^LLujj^T k—uiS^HJ I (jLj me 4ul LUj I ju^Lle JjujjJ ^ ^ya^LSLJ ^\-‘^jl^'^ ' CilJJLS u-jlj 

30 Zn (4s 2 , 3d 10 ) - 48 Cd (5s 2 , 4d 10 ) - 80 Hg (6s 2 , 5d 10 ) 

: lW> 

^ j! 4 jj jJl 4JL4-I ^ <3 (d 10 ) C->1 mljJjLli (d) l £ ol ^ mi 

c_5^j 4 jj 3J| 4ju4-l ^ ((j.) ^ p ^4^ yL^X\ Aiiijf o LgjV ^ dims I odjt> j>i*j V ^3 I (+2) ^ ^rn'ldl 

.SLjtslI aJU-I 


v. 



2lJL£o^I ljLJI 


t *ij tl VI ^LLolLloI I 4_«l_Jtl I I ^>J I 

(jOL* L-^JLj l ^JLA Lt^^J *Jl& j^usLlxJ <Lual>t}S cjIjLuJI jnt l ^Gll J j JL>&Jt 

( 'S4^i41 ) : <^Jb U-^2 j^Ludt a JLA l^j AlaldJt 


4j>- 

0 LJ 3 JI 

°c 

A^t- j2> 

jL^VI 

°C 

^iliSOl 

g/cm 3 

cJW2J 

oj JJi 

0 

A 

sd^Ji 

Ajj JJl 

jvaJjJl 

3900 

1397 

3.10 

1.44 

45.0 

Sc 

JJ\5s™4 

3130 

1680 

4.42 

1.32 

47.9 

Ti 

f-^' — 

3530 

1710 

6.07 

1.22 

51.0 

V 

^ jj JJ ' « 

2480 

1890 

7.19 

1.17 

52.0 

Cr 

T7j ' 

2087 

1247 

7.21 

1.17 

54.9 

Mn 

J A=^ 

2800 

1528 

7.87 

1.16 

55.9 

Fe 


3520 

1490 

8.70 

1.16 

58.9 

Co 

cJij— S' 

2800 

1492 

8.90 

1.15 

58.7 

Ni 


2582 

1083 

8.92 

1.17 

63.5 

Cu 

o“ 1 ^ 


^ jj J5LU1I lHJ3 ^ (Sj^l ^ JLsJt 3.a LjJ^ j&jjJLU'Lj ZUjJJI 4J0SJ I J I : 2ujjl1! aAISHI -\ 

58.7u 1^1 Lujl^J t //^*Tt i ^J5LcL U 3jJLaxua Haj 

ALJUaluV t AluAaJt j-}—£' Q1 Ualul JO^ V 4-jjjJi jLiaSVl cSLuajj <jt : SjjlJI j^LaS » * ^ -Y 

U^ujS LjLU jr\JU L l J 3 ^L>J1I j { q ( fk\\ ^.lluSiJ \ JjLuJI ^jV I 

: 

3tj-Jt jJbJt 3^Ldj^ 3jJLitjlajai ^ylc, J J— abtfl ( 5 ) 

3 I I^JJi i_j JLv ^ I J * L^tJJ I i^\ j* J)J» VilSLaiV t 4 3jJllf ^ JLjc j> u ~> Luti t j JL^J 

.Sjilxll t rtfrVl J.4JUJ 

3d <B ^j^t ^gjILoXt CjljJj^S^j ^ JLc. JUt JJ 3jJll 1 jiaS t rt <«ra*1 3^ Uj J.4JIJJ ^Qll J^bJl (<->) 

jllaSi ^L^ji ^ tmUf LjL^II ^Aj JrA-toSljtaXi JrlULdJ t £) AL>kCOj ♦ 1^-cU t l£3—£ 

«. ufAj L iujJ I ^Qjl ju^Lutl f &Jl& Jl»Cllu\ L-u*lu jjja2 tJ t Lutl t &JJb 

1 L4-i£ 3 jt«M-ij AJLuJLul f ^ JL^ LLc^ AjiJJLitlf • : <ljJJLA 1 I i — 1 * 

j 3jlj^tU 3 ^jjv j j ^ L3L4 U Lj j UU3 ^LlIuj cjIJJI^ ( I ) 

dllj^Lufl £) 4 r 1 (^ilU 1 j cjljilxll jru iS3^\ JajfjUft ^j c£U3 Ajlo3j* 4 jLJLcrj jlg^aji ljL>*j1 1^1 (>_>) 

IJLA^ 3d c 4s GQjtpS^f 



tlJLU 1 4 rt I ^Lu^jSJ \ 











I ^jjj I .a Jbdt 3 ^Lj>j AixulaJ I ^USUt ^ t ±j3 j 3_JLc, *UaQS cjt3 cjtJJl£ 1 34^*4 (_>►) 

3iaQ£lt <^-3 3^UjJt ^ t J— 4 LaJ Ld UU 3 ^JLc j L^jj^j Cal3 j— uaLuJt a Ju^I 


. 3 _jj jdl 4-USU I S^Ljj 


- - UdLuJJJt jjJL^h4 jJte ^l^wtJLa - <^jLc 4 - 4 S^t t j-<^LuJt <2jtJJ& 4^3 jLlj UJLJLA ( ^ ) 

<J^c4 eld Lj-j t 1 J 1 3 l^aJLJj 4 1 3 fltt ^|j)jjLJ jLul t ■ X ^ JLl t JL_J Jldgj IS bid LJJ-J t </< ^ILa t ^ 

. JlJJllu UdLtJu 4 ut 4^b4 j*j)Ji,Gi5Ltalt 

A-tl iAU Vt^i Lc4-tSI 1 ( 4^^ ^yiS^-oSi t J ^ J //. ^^t I <Luj I j Jil J) IS : 'iU.t.u-j-Lj Latt I 4^ I j3-J t -t 

: J)L^£j L^Jw4 qJsj^ljlusJ ^ J "‘ ^j^t t ^4 Ailllc^x^ ^t Jpt LJfc J 

1^3 <jjSLs LjL-oJjstJt jt JjtjJLJt jt cjtjj^Vt 4^3 ^Lu^idtlt alXAj. : '^.uxAa LJt-a ijLJ < 2 l_j^>L>JI ( 1 ) 

Jjd* ^jJtlt <jjj3_£JV t JJ-c. (j-c- LtLu cij^u L 4 S j (T ) 3 ^jJl 4 oLJjjSSUt 1—^.ld.baJ oVLJLujjt 

♦ ^^VjlifcJt w * it < JLdsI | £4 <-j3 L>i3j quid UJt4 JL>w4 

ljIjjjSSCII w * it t JL^>iXl jdj b_»r\...>i.xj 4^31 1 3^ Ut L^jL) : 'iL-j-Lu-j-L^ LJ l 4 tjLJ 1 3dLt t ^ 3 j^t3j 

^IdJL4J 3^jJUt ljUjjSSUV t J JL-C^ £4 ^Lcta-jld Lut4 1 j LJ t jt jit ^^3 mjt^LaUt uJJLd^t ^j.3 L.4— mL£j J - 3^ji rt4 

♦ 3 j mj^LaUtjlj ^tj^4 2 LJ I^HjV t j^udLuU t ljUSj*4 


GUjtpsiyt uj-S3 ^3lt ^tj_tt ^ a_u^i3jt dJufc LaJu j : Diamagnetism A . / ,. . t^t * 4 a l \, 1 1 i A I -^.t i ( ) 

^j^jt>*SIt JS <jV tj. fr-> L ojlj ^j-btJLbla Lutl t l^4j»^ ijjSL^ (It) ^tj^jt (jyJb I^VLLujjV 


U J N * A (jry^L>0< 4^ J^>4 

^IL>* 4^ l£J t ^ jl ^L>t-JIj 0 M> (t^LoU< J1 >ttt ^4 j^LJu 4^tlt 3^LUt : gL-j.La.jIa L ul 4 L Lt t 

^j-0* 



^3 ^j-4 J 3^j-JUt cjUjjSSUV t 


JUJLdO 3^U-U ^L-u^uIdLuUt ^jJ^Ut 

♦JJLfllt 03^*2 t c-ciSjUIt JU Jl>u 



imr? 


4-jiLSIB^ri LcjJ I : 1 lj LJ \ 


: w “< » t*»l * 4t 1 i 

FeCl 3 , Cr 2 0 3 , Ti0 2 




I <h\-& jX ' £>l3 ^_olS ljJj 


^ 2i_JLEuVf : Catalytic activity -o 

ij)J - Lfc j J LuiJ<J I jlL -juuk^Ji I JU l <^1^ ^ Jl^uLluJ 

500°C / 200 atm 

N , + 3H , ^ 2NH . 

2(g) 2(g) p e 3(g) 


I iJJLfuj-xSZS I (ja 


v 2 o 5 f>j) ji \*iLal t JLuu^l ^jujl 4 L>* ^JL^iIuaJ U£ 


2SO , + 0 9 ^ V2 ° 5 > 2SO , 

2(g) 2(g) 45Q°C 3(g) 


S0 3(g) + H 2°(/) 


->- H,SO,. > 

2 4(aq) 


iJI iil_b 


J-oLc. 


^ I U. 1 1 isLkJI dl, ^> 
J-cLaJJI ^ 


A 

♦ 


\ 


U. a. ; 7 T l iiLb I 
jLL>- J-oLc. pi a >i l jjjL f 


2hLO + CL 


^ jttyrwt I ulJJi \* 

^ 4s , 3d [ f>l JL^kLut i^{ J— 

~y+‘“ Jjlji ij *UL^LdHl cjLLiJj^l jt)— 5 <t jj ^^jS3 

*y*“< ^ic, j> ^ l^ 4 j^Uii t 

aj^UIXt 2Uajl IjJ! J&U^d 

jj ^ l ^>~t t A^jjuj JL^UoJ ft ja> 4~t t *L3 LL* jjtrtj L^a 


J_£l_dJLJI j i ni oLS-l 

H 2 0 2 Jibsil j£.Lij ^ JaUS Mn0 2> ii 

(r- \ jsl^) 

J jJlaJI 2G^ia <LuUl LgLJl^baj iLJUiluVl ^aUuJt ‘"'* <<f j ^ p^*»‘ f * : Coloured ions AjjJU .1 Cjlj ^ jV) -1 

> w t^vi yi^vt GlJJLal j xgHt u«j*> 

t . a jjAatJ)) 


0>ut 

(3d) |’ 

O^LJt 

tj ijjV i (3d) ujij i ^ jla 


< 3d5 ) pe «, 

0 ^C w ^' 

(3d°) Sc" , 


(3d‘) Fe'-, 


(3d 1 ) Ti" , 


(3d’) Co m> 

Jjj' 

(3d 2 ) V" , 


(3d 8 ) Ni" , 

JV2^4 

(3d 3 ) Cr£, 

jji 

(3d 9 ) Cu" , 


(3d 4 ) Mn" , 

j jUl ^TwlP 

(3d 10 ) Zn" ,Cu^ 

(c5-5jj) 

(3d 5 ) MnJ, 










: ±\jl\ ^ 

4\j-2 ^£JLh j ^Jjil f j ljLj^J ^ (J^a * J <j^Lksa2at ^j—4 £&3 JLj 3^ Ut <ji ^jj-JiXl <j— 4 

j^l^J (^Aj lVf ) ^Jjil * j-tia) I (j\ j-Jl ^L4JV 3^Ut Cu^Ut f 3l£ (^LtoSCdt-Ul ) <lt1 (J< J— IV I JajJl^wa % t^>,4 
^ 4 otf <jjA1Lj I^j L c ata L^l 3^Uf J LaJLc^j - ^ L^jj l^-i4 Uf aU 5 fiJ I3lj 4 I ^ j_u/ jh-^ttt 

At <**3X1 ij 3.aLtf ojttt oH^li Complementary colour 

. jrtjJl Aj a^>j 


- V I J)jULj l^j jl j^I^j li 1C j*o^Vl Jj>U ♦ jAU J (III) f>jj£2l lIjLSj** 



Aalzatji^Vi (1 - ^ js^) 


* AaLlULtl ^tSh <j5Ltatlj djA^tl U- 4 d^ 


(jr\-*t 1 aljJ 

3^UI ^USLJL^ 

Y >^t 

V^ 

O LS^V- 

B i3jj^ 

R^t 

G jv2^-l 

v^ 

Y 

G JV2^^ 

R^i 


: L^g-tS jjj ACLAu’ifl j^^LatH OLj^jI ^Ijj] <jrU 2t$M*U 


L-)\^j-s S (j] 

- A-Jl ZuVI 


AJj a jtltVT^y > j ^1 *<»tt £ j \^^} i ^jr} t J ^Jlt ^ 

^L-^i JL^U - a^^JU^^Cd 10 ) Zn 2+ C (d 10 ) Cu 1+ c (d°) Sc 3+ 


jl glLcctaJ AJLt 3 4 j- 4 * (d 1 °) La U3 a . LCi »4ji (d°) A^jLa d <HjV ULcjj^I l^jl ^IL>> L j Lai <^<a 


^^LmXS <Hj V LLcJjjV (1 : 9 e) ^ ^Uca V t <^t| a^p U 2 I 0 V t ^^Lutt t Cj\^^jS 03 —^ 1 


. (d) CjV LLtJijji 3 ^ jtiLLa c3 Ijj^HSIt J ^ 3 I ^5 (d) t 






2LJL£o^l JjVl ljLJI 


JLJJLsJI 


Iron 

5 2 6 6 Fe [Ar] , 4s 2 , 3d 6 

3 j mrttl 2L3jjJfcXl^JdLuJl jrL-J £jljJl JUJL^J I c_uJjJ Uj *2Ujtf1tl CjL^Lu^i 4 4 JUJL>J I j-t-LaU 

£ I ^JsJ_9 4-a^>jV I 6 . 3 % <j^5b lj_o* j* 3-U-4 V ^ 4j>^5LcLc4al 1^ (j^>uuj£^t I ju&LlG, JLjlj A-u^jV 1 

JLv^J ij *(90 %) uiJjLJLh ^^2 Vl JiltoJ JUJL>JI JLv Vj .^jVl (J- 4 LbjIiSl U-l^ LoOjJLJ <C L ig£ 

4-4jt J-taJ ^j^n>4 JUJL>Jl JLlO/lSl 4 ^n>t4 4jUi> *0-4^ *Luj>J V I 3j, fnrttl JU JL>J I 

Al «Lo*Ljatt c_<_J I l^uJl JUJ^Jt ^LuaTcJ I ^ JL->b4J j 

GUL^ <^3 VI J jJL>tJl jt-ujJJl j jjiLu/jiJl j iZuj-&1\ (Jju* Ajta 3UaJLL3«Xl 3jUaJl j— jaUuJl 

*4juJL^j ^^2 ^JL>bLuJ ^mi JUJL>eJl 


^ b^Ldl 

JL) JL^il 1 4-LLaj 

j^L>JI ^ 


A i» j (<oT 1 
4 ^Lc^-c51J 1 

(^[jLQuSJ 1 ^JO/Vl 

j»UJI 

LSO^' 

AaJwA-I* 

aj c^U>-I jJl 

50 - 60 % 

^oj> 4 4J jJ — 

Fe O 

(III) J*a 44 wL_5l 

<-..'\*.A 

Jl j£>-V! — 

1 ^ 2 w 3 

— .. «(S 

4j C^L>-I jJl 

20 - 60 % 

0 J-Ul ji-s^l — 

Jl ji^VI J-g-^ — 

2Fe 2 0 3 . 
3H 2 0 

(HI) JbjJ-| jL^srf 
c->j-L^dl 

o-Jj-JJl 

1 $-1 ^ ^ 

45 - 70 % 

0 ^-lil ^ ^-*.^1 

4^ws-J?b3»4 ^J&\ y>- a] — 

p e 3 0 4 

jujJ-i 


- 

30 - 42 % 

Jlj^vi j^- 

FeCQ 3 

(II) ^Xju 4-I c^Lj^j ^ 



: 4jLaL»» JU JL>J I MjCm t 


< JUJL^JI 4IjUL>> J^»Q : V jl 
: La 3 ^ Lc, J^v^iIUl 4131 jt gr 

: £j^uau3j LjLaL>JJ ^U SLulSLtX^ I —\ 

*JIJ^Vl GLJLgjJ L-La/OXl jgj«jl ^Jj) ^^Jl : j^uaS^ll 4l)l jt gr - S 

4IjIjL^ 4 tf J^n 4ljljigr 4j>tNtl jj-4 — loS^UI 4H)ljlgr g-lcb : i\ j jHtl 4^31 jtgr - c-> 

I jJ * 3 j-tu Lea *UJ U1 1 Jjl j—^V I *Lal Jl^bLail jSU^ V JUT I (g^Utf I j*L^^I ^a 4 JIj b i^L-tgS ^L-JTljtJ I 

OjS3 j-4^1 j^L^i>i ^^^Lujl^I ^ j g>Tlj iLaJj ^3jJb LxgJJ %rtj*>JLll j*Lj>«^Vl a JL^ ^ fAWl 

* JLuJOib ^UJLgjJl 3 JL^ ^g.4aJ ij 2LtajL>JLaj iLDLgUa 
-b 1 3 -tuJ I jj x^iu JUJ L>J I ^LjuoJ 3^ Ljj 1 4 b Lclgjtl I : J^jSU I 4ljLtLg^ - 

4 H) I j i g f ^gaJ j l^J ^t^n>»a jl LuLcg^ l^Jta 3 JL>« Ha <jjS3 <^jA\ J 4 b La L^ I L^-i^ l-J 3l jil j 

Jl mjt^ Lufctl 4 J I Jl o>t I jj I A-u^L3^ ^ I jl>wLlu Ij I 












ji jJLJ -111 is ) «>^J) ^y* 3 JLij |»Ls*Jt jAml) 4jU*tl #2Uk fftuJj 


■ i»Li|JI ^J* JUJLatJl 4 *.1.'| *J8 j j 4_)^l»jJl )J <»t-i>'»T* J 

A 


PeCOa 


*(s) 

o^o*. 48.5% 

2Fe 9.) + D °« 


hO + COj , 

(s) (g) 


A 


Fe 2 0 3(s) 


69 . 6 % 


(0 


2Fe,(><.3H 2 q 


(s) 


►40% 


2FtsO*+3H.O 

2 *(S) • (V) 

69.6% 


I }a}\ j klu J~£jy Jll JAIJ ^JUiSi (u) 


S + O, 

(S) -(g) 


so 2 


4P + 50 2 - 

(s) 1 (g) 


(g) 

IPjO, 


’(g) 


» JUOafcJt oUL>. J» jJj>t , LuLj) >- 


JjIL>iX! J_*L*JU La_o ^ jrCLSjjJd ^1! 4 JL>^jA 1 a jl& 

♦ ^ JjeJlluI I 

^ ^ V~n ^ ^ ^ 8«a< ***»' ^ ^ J '^ VI ( '° 

c (s) + o 2(g) — -+ co 2(g) 


A 


co 2(0) + c w 


3CO (») + Fe 2°3W 


2CO 


2Fe (s) + 3C0 2(g) 


) jLatll {jj* (<^51X1 jLstl I) UrJ^>* Juluj£\ Jj! ^jl£- t \ ->» i I (l_j) 

.^j-oSjJLa 4 -jJL ^tl I A Jl& ^Lj ^ ( 93% CH^ ^jLLji! AjuxxJ ) 


2CH 4(o) + C0 2(g) + H 2 O v) 


A 


2Fe 2 0 3w + 3CO (g) + 3H 2(g) 


A 


3CO (g)+ 5H 2(g) 


4Fe (s)+ 3C0 2(g)+ 3H 2 0 M 


LjJ\ jjLL_o 



4-jiLsiB^ri Loti I : I lj LJ I 


JLjJLsJI ^Iju! 

4jJ\jJ\ <LL>> >*ll jJL4 J^ ji J j-2J< ^ ju JL3*)» JjUL>* Jl JuJ»t 3 L JL&j 

• uUl ji jJljil Jl# JUJL5fcJi J* £1 jjSM £OjI ^ j 

- ( Steel uWt) >- 

t L#Jb ijyju** L*l JjMjl+f wcLMaJi ^UlLLm# Jb^uu 

. Ji jii*Yi jl >ii J# gJUIi J* -\ 

SU^lLk+fl gJLJl tjxLfaal! JUJLstJl ^Jl j-*aLuJt j<cuu 4jbLJ»I -T 

• Au^Lu^Ji 

i^jA Jl >iVl J* 4jft )jA \a £l$jl J* JL >>! 3 ^1 JUluL^U uA*aJ< i^Lud (tDj ★ 

• H^i^ySVl JjV ^mJi -\ 

. J^liL4il J>iJl -t 
.^Ll^lJ^I-T 



dJUJ I ^ I £ Loa-iSJ I 



(ggnscfl ,ge(@)D 




JLJ JL>J \ t j JLj JL>J 1 if \ J JU JL>J I JJj* ^IS t SjLc ^SLIjL* 4C*JUx! I 

I JljLi-aJt 



I tU^j j * V4 ilii JJLkJi ^iaj SjiIc wHjLluJI 






Jll • JllJI J 1 Si ji ^ j^Ctl »i*^H» jJJlj * t >1. ... tl jS<J 

Lu /^S 4>nii /a tllljj ( jxidjl> + ^bu ) j a -«v* itb 2lji tj. 4jln«l 

. ja,tlii«H slxA 0 ic J _• - --» jbfcJtj ^bfclfl J>Ljm 


* <*lMj.*«Ti jj» 

i ■•l <t . ..Tl - > 



(-». ) 




Ajj^Xj aIxA * jujl>JIS - yi 5 

*uldL*u« Ifiuj L*SL>w« 1*4 j A^y*ay JJLaJt Jjljj ^y* 

cXy>%Xj jl jSUj jlI c j ( lo - \ ) JiL*l 4u.u 

(cjO- ) ) JiLkl 1 44 aL> JJLdJt LJ Ij j 44 aL> 

*zj\y* * 4j<ji >>• jJLi j3ot <i| i ysj j 

2uj>LLJI It « All 4^xJl OliL*I» J* ^yui\ >UI1 
J SLi) uU^LII jVji} J>ju will j Jli jJUdJ 

J 4i»U*VL, ^JLiJt 4 j^L*4 -U^jU ytj (>0-^ 
<lJL>15 : VI ^JLj^Ji.? 1 4-m t y>> julj 

j ol>> ^pj4. 

. 44 i^L> LJdt ^ > j 

JJblxuJi |^4 mL JIjLluJI ^4 I 1_u& Jl4 JB^JUj 

JLJ JL>J l) JJ^SLI I J JU JL>J I 4 Sx A.** 1^4 i\ A \ yj* j 4x1 Ail \ 

(b > I 441 1 




2LJL£o^l JjVl ljLJI 


t <Lin, \ <*i i«Vt >11 j 1 nr.T) -Y 

•* I « 

4l jl>*I JJlB ljIjJU Cy JL^^I JJLall lj(j 3 ^bjLJ J JUILloJ ciJLjLu-all pjJJI IjLfc 
(^jj*SLJ ju jl>J I ) 4 SLl.loj iuJ Lc ^ cSLt I I (JSLuJ ji ta 3 1 1 

.((JSLajJ Ju JL>iJ I ) 4 SLcllu^ L>J<J i ifr JLP ) J&uujju^ \ \ ^ jlJ I o-JL^al I 

j Aj JJLlLcJ) C^LS>^Jl JIIjLuw -T 

^ Suu£ LJLl^ 4SLcLLg.il 4j^Si I Lull I JL>iH 3 l M 1 LlloI I v ^Jcl I t JL& 

CjLSj-4 4 4B^^3tX i iSLU I ^JrOt^ail 4-lJ La^-iSL? f L^IuLc^ £-C 2 J »0 (4-Ol-L«CiS 

Initial i^j^jJllI <JjJL>*ll 3 jL>*Ij 4c ^33 lLIJJLS <J 3 SL 0 4jJL-a 

JJ-J Jill (jrjLL^jjatX L>«Jcl I — j*^aJL4^1^M) j (J^Lctll — j*^_cLo^lVt) ^jSulxjjj 

• Fe 3 C C^CLL^-LLa 1 Ij Au 2 Pt) ( l i A <1x1 I — Laa^J I ) 4 SLcllu ^ Cxx^ 3^ ^ 


JUJLfrJl 


.ALSLclJ J^uU 4 Aj^/Lalt JbJL^ ^jacil LcuaJ ^jr\l A JC LLaa ^ L I JLjJL^ d l ^jacil 

* 7 . 87 g/cm 3 AUslLiSj 1538 ° C jlLc j^j^ju A j ^> jt^LuLa <j*at 41 j l-&%.uAS <JjIj 3 

JjLa ^ JLc^QjI qSL*jj l Aj c_lj I ja£J I Aaccctaj Aj Icj ^le JUJL>« A 1 A^uLjJ^loII JLojaj j 

ljUI JLi^LwV L>JLaa A l *^o 3 JUJLc aLLAc? 1^1 JUJiaJI cAjLlluj wtLsall £j ^ 



jLU I aJUll 4 rt I ^Lc^aSLJl 





x AxiLuoShl) 

Jlu£\3 AIL*, JUJL*J> fja ULJ V JS /VI -JLJLiijVl ai^UTt AJU5 j^LLaIi J*Mic-s - 

- ljU^^HSUI JUI: ijr ^ $ (4s,3(l ) >il1 JfJU 

♦ )J CyaJ (+3) ^i^Vl JLyiUft JYL> " 

( +3 ) JUuSb (4s) ^ j * ^7—' } ^ j^J-j Lllj (+2 ) JLuSb *XJ L^- 4) - 

<-( £Lu 4JL>- ) CjjpLU** fl»rt ) (3d 5 ) JjUij 

x *1 -t 

Jb 1 \ j iii^1 ^j^xukSVI jl <il_^Jl 4>jjJ j^LuJl JbJbtJl J^Ijjj 



3 Fe + 20 , — ► Fe, 0 „ 

(s) lg) (s) 

ju J^r -s^Si *UJl jji (500°C) j* ^-4^V( 

500°C 

3 Fe + 4 H >0 Fe Ai + 4 H> 

(s) - (v) * *(s) -(g) 

t £4 T 

(II) -UJL^ JLajUjuS Ljj£d Zjuju&R J4 JLtcIj J (III) ,UJ> J4 Ldlj 

2l<’e + 3CU — — ► 2KeClj 
A 


Fe + S 


(s) (s) 


-*-FeS 


(s) 



4-jiLsiB^ri Loti I : I lj LJ I 


« jiU>Vl £LA 

J jSSj V j (II) ,ii.,jl^> J 2 Uu»mJi SLujlmJ^ ji»U>Vi ^ja ju ju*it u# jjlj 

. l^J jjO*J jJLJt jry>* J>V (III ) JUJLaJt 

Fe + H,S<), — i!iL— FeS0 4 + IF 

(s) * laq) 4 (aq) % 


(g) 


Fe + 2HCI - 

(s) (aq) 


dil. 


\viU+H 2 

*(aq) (g) 


uQ jj+Zj (II)jljjl^ kliLLij^cS ^Irka.J a 4 j j-£3l j^ 4 > y c ^Ui.a.> - 

• # Uj uJ JLui*St (III ) JLi Jk 


31 e + 8H>S0 4 (onc 

« (/) A 


FeSQ 4 + Fe 2 (S0 4 ),+ 4S0 2 + 8H 2 0 


(aqj 


(g) (v) 


^j-4 4JL l£j 4fl, da JUJL>Ji Lj^Ub J^jX t ciJb^ZLjJLfl L-L.CLOJ - 

Li 4-S^Ial I £ JL& 4-t lj I ^SL-J ^ 7 4 J ^ 1 1 1 ^ I tl )” 4 4-4-^>o jJLlI I ^c-La_uj JlujjS V I 


-< ^iJLj JLjfcJt • IjmlSi ^ >- 

:FeO (II) jujl»Ji ju^Si -> 


1 J 


coo. 


. J Jjucj (II) „U.Li>Jt uVLuSji jj.iiiii'i ) -> 

A 


Fe ■ ^--y FeO + CO + C0 2 

co< (s) (9) (9) 

. ^SiJi aUMtSi J^f ji ^If Vi . q wlSVi ^Ji ji*^b ■ ^ 

r ~ „ 400 - 700 'C r x . u ^ 

Fe,0,+ H, w 2FeO + H>0 

* "« (g) (s> (») 

400 - 700 °C 

Fc,() 4 + ll 2 ► 3FeO + H 2 0 

(s) (g) (s) (») 





t 


. *1*11 ^2 kJjdJ V ^_^i*jl ^ 

« *1 3^1' ji A) j)p i U j> ■ i 44*S Lu -Y 


4FeO + O, 2Fe,0, 

(s) (g) (s) 

. cUJi^ (11) ^UfL-^ll £^>Ui L^TLU 3Uui8M^ 1 i^JUL*l( ^UjU-^Vi £« J^ULu -Y 
KcO + H,$<) 4 ^ - KeSO. + H,Q 

(s) (aq) (aq) * W > 

:Fc 2 0 3 (111) jujukIi jlco^i -v 


ti> ♦ 


-L_»l««S jjJ-tA y^>u ( 111 ) JkJJbhft ^ii*i j: jLA J yl .'v i AjaLil Juuz. - ' 


.(>^m <>ij)(ni) jujL>e)t 


( III) 'j *»• ■ 1 j mSl ^11 J ) - » i ' 200 ° C (^v* die liiaj 


Fed, + 3NH 4 OH - 

* (aq) (aq) 


2Fl‘(OH) , - 

(s) 


q> y 4 s-' 
200 -C 


Fe(OH), + 3NH 4 CI 

’(.) (aq) 


Fl 2 0, + 3H 2 0 

(s) (v) 


» (111 ) JLj JjU l ^Ju (11) uLw^S -Y 

A 

2FcS0 4 * Fc 2 0 3 + S0 2 + SO* 

(s) (s) \) ‘(g) 

***** 3 • 


* |^L>- ^ 2 UloL 1 I ^ JL»»£J 

t 4o*l ♦ 


. *L*J1 ^ lj j JL j V - 1 
* Jill ^4^-1 4>jiS ,»« ■L-tLLwJ -Y 

♦ *U J>3 (111) JUdbill £SUi 4JL>»luJl 2 LuJjl*11 ^U^VI ^ J^ULLj -Y 



I : l_)LJ I 




Fe 2 0, + 3H 2 S0 4 ^ - Fe 2 (S0 4 ) 3 + 3H 2 0 

(s) (aq)CYiiir M ,u * 


Jtu 


iFe^Oj iiti . ij. ^ jLixuSV) -Y 

-t 

I [ JUJL>^ JZJuum&S daJQ^h* JLuttSi J^J tC4uI ^ ttb JijJUj A H A JL>» JJ 

.(ITT) „ju i-^j 


. aLqif jLifcJ jl Jalu jl j <\ >^S*I JLiJbtJt jjo - V 

.(III) JUJL^I JU*u£> J>J^L>-T 


230- 300°C 

31 e 2 0 3 + CO 21 e,0 4 + CU 2 

- %) («) 3 (s) 2 


(g) 




• j<> jhllaU - t 

U^« (HI) 3 (H) £^Ui 3 « J^l3L-Y 

♦ uS jja JUu*Si 4J1 Ljr U: J^U 

Fc, 0 4 + 4H-»SQ 4 Conc ' v FcSO, + Fc*(S0 4 h + 4H 2 0 

<■) (/) A (*q) '(aq) W 

- ^jb JLttf (III)JLIJL^I .UunS > ^}\ ,U4 Lu -t 

2Fc»0 4 + -J- °» 3FlsO, 

(s) 2 (g) ‘ '(s) 



jLU i tlJLU 1 4 I £ Loa-iSLl I 





■< 




> 


i 5 lJLU< ujL>L>»V* ^ AjbujtuaJt ijL>* Yl 
^Ulj U*Jju£)l J4 JUJL3lJ» JLxC. -> 


Fe 2 (S0 4 ) 3 -i 


Fe 2 S 3 -. 


FeS0 4 -w 
FeS .1 

gLoJlJJ JUJLaJl UJ 3 JLA -T 

<II)JUJL> JLumSi “UJ (IIlJUJL^ £^UM 

I III )JUJL>» Jlx~&\-± (III) JLiJL»> £^Ul 

S jS ^ 4)1 M 4lr Uj jl^c wil jl! JdLdM Xu^Si jujlaJi «LumSi *t 

3U>LJl 

(III) jujl> y (II) jljjl>> £^Ui -i 

(HI ) ju jl^ jL^Si - j I** ( y i i) 

400- 700°C 3L>- jJ JUjC ^^aia l **■+}< JLjJLeII JLu*St jul£*\ JL 1c - 1 

FeO v Fe -i 

FeS0 4 - j Fe 2 0^-^ 

buuU Vt J4pc() *0 

JhJaj (III) J-U - uj lauii (II) JLjJL*^ 1 JtJU -• 

(III) JtLi- J cUj (II ) JLi J5Xi-«>. 

uU >-*5Ll > JLu^Si .(III )JUJL> JL-Jjl gJuuJ (II) ^LLj j-fcS JLuC -"l 

j 

*L*Ji -uj 3 - i 

4jH^ JLuU j^vS Cu^JSJt ,u>^l JtJLj 


^ LuLuoS taljfcjl 3lS ^ynU Aj^SL*J< ^aLuJI 4ol »Lhl^j JIjLuJi Jv* - V 


4-jiLsiB^ri Loti I : I lj LJ I 


^ li" ...Vi >(M nJl -i < A i "m 1 At *<M 1 w.tt - t 

*■ ♦ ♦ ♦ •* **♦ ♦ 

(y < I ) "J * j J * * 1 ^ ^ uUS >Ul ^IjUm 

• ••••••••• ^1jLum)I j4 f } j£J\ } jujl^Ji ^ a** -A 

SUlJUluVl - u 3 Uu.J< *1 

i • ■ HI 

Lm( ->. * i) -£ 3lj^Ui 4 a iT< cjLlS jaX • ’->► 

AawLIj U (O (i) IjajJI j-*a HmJ j jCSUYt wuS (u) ^4 

i(«^)j£*jJl J*U< JLXwV< 


aUUo-VI (.*) 

^jj^iilVl (^) 

^AuJI (1) 

3 J LA 4 j L_A jufl Jl>- 1 ^ lXzzlLujJ — J 

[ Ar) 3d 1 " 4s 1 i 

(^Ti ) - ' 

3 ^ ^ L ^ a o \ < "<3 ^ 
Cj^j jJI cLvjJuk ^ JiitTu-uJ | 

| Ar) 3d 7 4 s 2 - v 

<24Cr) -r 

<^( 60 ) £-AU £ l J-^J III 

<LjAVI cjLJLv^. 

1 Ar 1 3 d 2 4 s 2 

(25M1I) ju^Li — T 

J)jJL>Jl <A£.Lo a JlscIu-uJ | \ 

a^AosjJVI 4 AjLu-h ^JiielujiJ — \' 

[Ar] 3 d K 4 s 2 - j 

(27C0) di*>^ -i 

4 _u l <>> a 1 1 CjLAjJ.1 4 £.Ll uz > {J7 ^ 

wH \ | 

[Ar] 3 d 5 4 s* 

(2gNI) 

d) lAj_t_> j 4 -C.Ll^ ^ Jl jeTu-uJ \ | | 

[Ar] 3d* 4s 2 -j 

(Cu) 

dljLu-uJ' 

(2g) 



Cxi LU 1 4 I ^ Lc^-iSLl I 








t Juuc. £>Jk s*a »iU 

• 200°C Ja ^JLc i ^t) (III) JUJL^ Juu*£ jj ju* ^|h4 

.1 JL)JLm LuXukJ (II) JLj J L> ljLu joS j AlliiJ T 
• ^>UJi jS J^L uj>a£ 1< jrt4 > j4 uwjUu^l J^liu T 


* ^ll SjlIj ju jUfcli JUi^S 

• J ji4j (II) *JL»fc uYLmSj 

• (III)jli 


-t 
-0 

(« y i^J< 


*_>..« jl-ii >><« I jL> jl y f Aj.MjlrtLJUUj Ji y ^i-j U . rt'in> - • 

CoCI 2 - Fe 2 <S0 4 ), - ZnS0 4 - FeCI 2 


i Aj^JU jyu£.*\yj 4 j >U Jl y *•* ■ - ~‘.‘ 

(III)jujl*. j>j» T (II) JUJL*. J>#i - > 

(III)^j^itu^3 J>#i - T 
-n ( 1 1 ) JSjj ■ 0 

1 *> J* ** r**-i jj -**' &-»* * 

• 



4-jiLsiB^ri Lbtl I : V I lj LJ I 




iLJLJt ujlLalx>tIt j~ul) ,^J' JjVjIaII 


•I 



Fe 


^|Fc50 4 


Fc,0 4 


I 

F^q; 


^t yLJl 

I ^btl JLl 

4> JS SLJliiiVi >^LoJ ji*iJU jJJi jJL» -> 

. ^Las-U* j 

. Jjl 3 ,*jUij 4ji VI ^JUll ^L-^xSLfl |t£j.if 

, 4-iIi fl a )} ^uaUx ( vufcjJl * ) ^mjjf ul JId ^ulu —V 

.1 jm-xS J^Sb Y ^ jVi SlJISIjYI iLLaXuJI ^ ^ -t 

♦ »Y1 ^LJLaluYI ^yLJl ^»UjJ jLlill ljL*. £LoJj) -o 

. JbtHI j4 uAbuJ 1$5L&^aj ^ jfil+TiVi uljlltll ja ^uS — "l 

(11) JUJL?tJ1 £^Ul gJJb «bb JLjwJI Yl jo J^lili Juu z -V 

.(111) JU JL»^I £.MoI 

+ 4 L^-cB &Jl.u£\3 ±Jlc, j5b CjLS jwo j* juISLlu V l ^j^SbV A 

. 4j jJLo Zn 2+ 4 Sc 3+ ljLj jjI ^ 

. 4^-La-4Jd L<J i_ 4 Ijb 3 ^Lo (III) JUJL>Jt JUj^AS ^ * 

. JU J L> J U V 3-4^ jS jJ* I dJu^IIcxli I LJLXJJXJ \ \ 


. uLdLluJ 4_JL3Hj V I ^4^5 Loti I p lajtX ^ 






JUiSI! Adxtfl 

V H H W #» 




ljLji 



: 4 j] 4 jl ^^jL j l L j J»cL > Ji J I ujLJ C-JliaJl vLa/ljJ ^Ul^J 4 ^ 

4l^J L^Lu/tj^ {jjLuJt jrul ^al I j JlLj - 

jit j ^Lj^-jSCll J -cL>iUl ^^jia £j~uu - 
^+S3l tJ-dL^Jl gj j jt u^j^lxj - 
♦ 4j rr>4 I I 4jAn1 4 rtrti^t I 3jl^4 i_lojliSLj - 

♦ j^jjLuJ \ (j*** j 1 hJu£3\ Sjl^4 i—LU±iSLl - 

ubj^uLi - 

.^jjQSUl 4^*£lf ^ jjI - 

*t_u4 LU ^1 jl^JLu/Ij 4£jj9 iSj^ J l$J^ ji^'y^ <J±\ju 2Ujj>o ^jjjo - 

♦ LgJ Ul JL>JLu/I j *Lu Lc ^ - iSll I I (JW Ujl^J - 

> A -cl ^JtX I lj! J^V I j*t JL>wca/l 4 ^ 2L*Jlll Sjl^4 1,4,0353 - 

♦ Ij «4yJ Lc ^ u S^ I I J 1 — 

♦ Ljl 4 j LjLui»ljjJl 4^153 j^o LuL>ol LfcL>ol 03%rt ~ 









1^1 j t ^lolt j <J jVl jfl ^ ^ ( J-lu/ jrpt ^all j {U&L^Xt ^L-a^tj** 

.->LL£Jl i-jt^jt ^^LlJ 

ljIj^jI jtcjtji jS ljLLjJ^v ) ljL^-4-oa^I ^ 4 ^ JUi ^ j-L>o I 3^Ut i-4^S Jjll ❖ 

. (cjljjjJSllt jj iiit^ cjt JL>> j jt 

Al 3+ + 3e- > A1 

(( A1 Ljtji tJJ* JjJ* 1 Al 3+ LjLj£jl ^j-4 Jj-4 1 JtJ^O*V LjljJ^nSlV t <j*4 Jj*4 3 j*JJb» 

3jl»* j jj *L£j-^*t$S <— i^jSj^S iL>* I JLf t >-^ L o lI T i_jjJLl S gj—*j>%A = (g) 3— Jjil a_«LSvJ1 

3jJLa 4 i^ULu^t 

(g)3.aUtiJCS 

= (mol) oV jll * 

(g/mol) itljil insi! 

J>>U^ ^ X LjVj-4 = oL)j4-l ^Jp 

6.02 X 10 23 jS CjS yjJS ji) (oU jiVl j' oljjJ! jl) 

(at STP) (L/mol) 22.4 X (mol) jUttt ljV> 4 = (L) jliJl ❖ 

(g/mol) idjil insi! 


(at STP) 


(L/mol) 22.4 
(mol) £Y>U ^ jlc 
(L) J>bm 


: (g/L) jUJl yiiS'* 


= (M) jSp * 


100 X 


UlSjil ^4 J^4 ^ j^uJl iUS 
utSj^ll iJjil insil 

sjujji ljSjXs ins 


100 X 


iuait ins 


— (g/g%) y* i jv2JL*J A_JlSCjl Aj jjdl A^wwjJl ^ 
= A^Jjj j^P AJLP ^5 A»Jj^Jl Aj jJill A_^wwjJl ^ 






Chemical Anal> sis 


IJA ^ jjJLi (%aL* > «. (%lf JL*»i t J^liJl j ntj 

Jjlx.Lu*alt j iLcijJJij ,uUll 2Jd33*lt 4 j^ljhT t JjVLkII jjlaj l^uuS Ijj J wuJ l_+£ .^JbJi 

.lA^cj ... jjUliiJtj ^LuijuJi 

JV ^5LuJl %,Jk. *J> ^JjL^ui JuixJl ^JiC. jil ^#V I jAAXmJ A 4^>tj sJ*)' Jl^ 

^jJLaj JJLt Jk£j >g^LjJtj ^yJl A.4f< J 4^1 1 ^ j LJuljull j 

.*ljjJi J*tt>Cii 3u*$ 


1 3 Lu La^aSU I ^jk. An»l>*lt ^JLJUj o ** >>* JUli j j ji' 

> 1 * ^>UjJ 1 » >j j . Xi.Lc Lai > j 2 U»>+>tlt >3* 4 jA >* l 2 u>Ui J >>o 

.3u^uii 3 ju-*Sm 3uau»i* >i*j 

l^Jl Ujl>wum 4 ubuJdtj uULxi) t JlSj Vj jl>> >j V ^U*l' Jl^ jJj 

.3Lu«L 2II uliM>l j-JJ IflAjlki j> JL4 . h. kWII 

JAJ J£ j 3jUJt JiOjilt Ja 4-jjl cVij jLlt J>tX4 ^Lij 3UA kJ' JVj* j 

• ^ JLu^lSt j I jl^J> t ^jDj j^j >5111 JUuiSi Jji uijk > 

^Ll+jS3\ ^ UL*i fjZi JJJ* Jl>4i g-JLi V 3 JLJJUJI 

Jl >ktf ujUviSll ^uS > 1)1 >fjJb J JJi 

3J>£li j^LuJt JAjolIU LliL^+uS I^AaIWj j>>U SjL^aJ^ 3T* jf JJLjjJ j \ >J 

2ULt**alt J^AJ JI ^1 j 14 Jmill y >-aUJl jJa Jajt >oJ Ju5j > J5 3 Lam»j L 4 I 

3 jUU JJxJi (%1 jj . lL>>L>v. JJIS J{ 3 jL*U *j>Sai wL£ > ll j(t3jl-*ll 

t J^* jtyc,jJu 

Qualitative Analysis : JJLi*Ji -t 

* * 0 

. Jl>* 3 jlc J* Uo>L >»4 ji ( i bsJLt ) kJJ Cul£ * ♦>** 5 jilt Jj\jj£a ^jXc, Ja jjuJi ^1 Jaj^j 


Quantitative Analysis : JJ^J' -t 


J^i 


. 3 J L+ll 2 Lu**L*SM uliyUl j4 JS i i*i>> >jJLaj ^ll *■ 3 a. l|j 

jjU< J#U>SU ( ^JLc Ja jauJJ V ji w \ tCT> J*lWif I JUU^ * l J-4 jl-jV j 

l4iil^31 3>WI ^ 


3' 


Qualitative Chemical Analysis <^>J* j' 1 


ji 3l 4^1 5*La JJLS 3^ Ull ^y-k, Ja>jJJi ^i Jijl^j ^ A^>^n j__jl>JJi ji U >£3 

Jlta^U^Ul I 44 LC. Ja jjLJt jSUj 3Ua^ 3jU CulS »jUa .ily 3 jlc 0»>i^4 

. jJ| .. 3 lJ> 1» 3JLi5J< j JLJaTi 4jk jJj jl^JV < 3 l^j4 

3jJa!U l^Jc > amS 1 (O 3jl>. ^lc J£ 3LJLJI J^Ja «l jj*»( V ji IL>>L>w 4 JJlS • j|j 

.3UyiUtl m^i>SJl ^JLxkb 3LJU^SJi 


3Uu*>LUi 3 jLL>«I< OMcJlJI J — 4 Jjl 5jLuc t ^ .a!>JJ LiA JJJ j ^ kj 

.u^kUUl 4 JUS ^ 3lj jUJ 1 «-j 1 >uLJ 1 >riki ^k 3 j 11 1 >t » 4>LC1T j >kj 

t ^L^aCTI ^LWU 1 (^ Jm ij 





: bjja . *Jt oLT J.\ JJlai - f 

oL-iSjil 3 ALuLjiajJl jj^aLuJl i UftXU [4J& 

: h J* a*It j*p CJ\S J,\ JJ^ -c^ 


tfmSTtt L-&jX\ 1&JLA (JjSuUi t Ljlj^jSn JSjJljAS L^_c 3 ft ~j 

♦ 2Ujj) rAntlja^ LjUSjil ^ ljIjj-uVIj t dm^tl 4-a/lj^ ^ \itij 


('^a+U-S J-iJl) OU jjfy ^p ( 


J LjL^J^J>iXt dJL Aj lg_C4 J£J Ljl^J^J>fc4 Ljlj^uV \ ft_UUJli2J j5Uj 

I t ^iljjjJlSjjJU^lt Ljlj^-ut - \ 

♦Jijit 2 .L l 2 j^»lS 2 I Ljij^ut A^3»^>fc4 - Y 

JUjjJl£ JjJL>b4 ^L^j^>k4 -V' 

c-Ai^xlt < Jajo3>- OU jjl ap ^ 

JLcujaS^t j tSOj- C/Lujj^SZtl j cHCO-GU I j cC0 3 2 GIj^jj5^I ljLj^-uI 2lcj^>iXt aJIA J-^taJ j 

Cu3t jjJLi^l I Jji 4 2liaS2l I JLfc ^y/La/f Jl^Ij uj .NO~ CujILjJttf j S n 0 3 2 C^LxJj^S j^ui i j S 2 ' 

4 jl^ LjijJ-uVt 3 Jl£> £^1 £4 (JA J^LflJ Ju^j LjijJ-uVt I 4 I 4 Culua I Vt 4 

ji j^Oa^U tjmtljLiba jaVl^L4^Vu^^>IajLiL^ J^-SSM 
J jdtaJ 1 ^4» j »lj t j Utl I ^JL^ jul Lloj ^j3\ I £j\^%uljA I J ^ 4jj lul^lu Q£ 1 1 a<£> LSU Lj l^-tl^ V?t I 

♦ j Ljljj-uVt 4 JL& 4 tfrt>tt,l L^JbjjiS jjJu^li (jrt 4 ^ Jjfci ^j-4 2boU!l ^}f jJLh 

: 4P j*oj£ — ^ 

4 j^JLijjJiSjj JL^J t + 4 il rr^tt < ^-Cfat/La/V t t 


0 jj* lAJ Aja^jS" lj* 

<up jlx)l 

«>°j 

DjjVt 


^ ^.wwwJlpLII d^> I jij^S" J ^J_^- “I - ^c-i-ll (^j ^ 

^-Ip I c ^ j>)I^ 

. j j^JI ^ 

Na 2 C0 3(aq) + MgS0 4(aq) ^ 

Na 2 S0 4(aq) + MgC0 3(s) 


Na 2 C0 3(s) 


2HC1 
2NaCl 


(aq) 


(aq) 

+ H O 


(/) 


CO 


2(g) 


3 Ip a c\ ^/g 0 ^3 d. 


L^ U J L 

.^yl j}\ j?^t\ ?-L« ^2Jl j 


C0 2(g) + Ca(OH) 


S.T 


2(aq) 


MgC0 3(s) + 2HCl (aq) 


MgCl 


2(aq) 


H 2°(/) 


CO, 


2(g) 

: a!s> 

lap c?.ll.l lj jJu *V cijI jijjJl c-jLj 

^ ^ d-j Ij^j ^5" 

^ CPjjjJ 


short time < 

L5^i f 

.L^gi^i 


CaC0 3(s) + H 2 0 (/) 

. — s^i ojl — aJ jl — *Jl jj — C 

«_<3 c_^ 


co 3 2 - 


ou y ( ^ ) 


LjJI jjLL_o 










^ d^Udj^S" <J + ^Jil (J jJL^ ^ 

. (jj/2 * ^ C__-w^l j dJ^dj 

2NaHCO._ + MgS0 4(aq) ► 


3(aq) 

Na SO ■ 

2 4(aq) 


Mg(HC0 3 ) 


3 / 2(aq) 


Mg(HC0 3 ) 


3'2(aq) 


MgC0 3(s) + H 2 0 (/) + C0 2(g) 


NaHCO,, , + HCI , 

3(s) (aq) 


NaCL 


"(aq) ' H 2°(/> ' 2(g) 

wX-ww^S*! ^ ^ Ij d c-1 . /? 

.J5I ^ HC0 3 

4^ ^^S-La 

aLIS d->U jJ ^5Cj! 

.*ut 


CO. 


oUjijSLJKT) 


s . ^ gti d^> + ^til! J jl^- 

^jy>c-wdJlj j dj^dd 


Na 2 SO, (ac| . + 2AgN0 1(aq . 


Ag 2 SQ 3(s) + 2NaNO : 


3(aq) 


Na,S. . 

2 (aq) 


Na 2 S0 3(s) 


2HC1 


(aq) 


A^s_a]\ <d> (J + ^cAll J ^ 

+ 2AgN0 3(aq) ► 


2NaC1 (aq) + H 2 0 (/) + S0 2(g) 
j ^ d L **^ J I j^_dT I ^i; ju- J-pLs^2dj 
AijJ (_£ dJl^ oiLijJl 

^ d^b» j ^£" ^>Ij J 4JJ_*^ 
. jf ^il jjLi. 4^2^11 

k 2 c r 2^7(aq) + 3S0 2(g) +H 2 S 04(aq) ► 

K 2 S0 4(aq) + Cr 2( S0 4)3(aq) +H 2 0 (ft 


Na S + 2HC1 , 

2 (s) (aq) 


2NaCl + H S 

(aq) 2 (g) 


2NaNO + Ag S 

3(aq) * => 2 (s) 


^ *»■- jj. ^ li ddj^-yS”"” d C-l . /? 

4i j j d>J^o j 4_gj ^xJl 4^>Jl 

. (II) I d-> id^l ! 4_LC« 


(CH 3 COO) 2 Pb (aq) + H 9 S 


so 3 2 - 


-s/!i(r) 


a«s4 jdJ t ( i ) 


2 (g) 1 


2CH.COOH. ■ 

3 (aq) 


PbS 


(s) 


. ^^2! l)^J Jjjj 


2Na S O + I . 

2 2 3(aq) 2(aq) 


Na 2 S 2 0 3, S ) 


2HC1 


(aq) 


Na,S.O,. . + 2NaI. . 

2 4 6(aq) (aq) 


2NaCl , + H O A + SO,. ,+ S, , 

(aq) 2 (J ) 2(g) (s) 

d-o jS ^ Ij d c-1 . ^ 

4j>tdj j j ^ j 


s 2 o 2 - 


4lsj jS (O) 


tiJLU 1 4 I \ 





^ j2l ji J jl^- + ^Jil J jl^- >i< NaN0 2(s) + HCl (aq) 

J jjj j5" ^il (^iLjjj^SsJl ( j&j*^tj Nad 

. 0> Ij2>c-L4 j-JJ cl) j-Ul 3HNO 


(aq) 


HNO 


2(aq) 


5NaNO 0 , + 2KMnO . , , + 3HSO Ar , 

2(aq) 4(aq) 2 4(aq) 

► 5NaN0 3(aq) + K 2 S0 4(aq) 

+ 2MnS0 4(aq) + 3H 2 0 (/) 


2(aq) 

HNO 


~ r s + H Q) » + 2NO . 

3(aq) 2 (c) (g) 


2NO, , + 0 9 , 

(g) 2(g) 


2(g) 


NO; 


\ a_p-l 7^3 

4_a ^3 a_LP cl) 

^o^ii o jUi 2u^jSn 

— ► 2N0 o 


j ( *\ ) 


jS" jil 4 P — Y 


2LuVt tjijj-uvt 2l^J^>*tt aJLfe J.4-40J 


* 


(N0 3 ) LjtjduJttt — (I ) JU^ j-J t — ( B r ) JLcaj^-Jt — (Cl ) JUjjJl£}t 

^uIjj^uV I t^JLa £jllLa 1 V t ^ 4 Lj t J&jX t t ^ ^ <jt 

Jo^iLa t (O ljIj^-uV t j JLl- *^UV i £L_iL jj>jl£J t q ^ 2tsLi>t 

♦ QX 1 tmJtLu/ t ^SUT Lj ^ ^ ^ /r.ct < q SLqj A-jjL^- 


: j-4 V t tit jrO-.aJJt (O Jijit <LLlxJj^S ^ t + uxL^lt jdlXt : A-u^La/V t t 

4^>all C^>l Ji - J (J J L^- + £t_ ill J J Jb£ ^ LA^rJjA-§-^ A __ i JJ ^ j \ — ^ * 


* 



d) j^Sj c 3C^) $-Lsd2-J 1 — l>s_^ i)j^sj (j j — lil 


A ] I 

• jf jit jaLsJl Jji^ ^ 2NaC( + H..SO 


NaCi ... + AgNO 


(s) 


. j^Ldl aH^4 

conc/A w 

4(/) 


(aq) 


3(aq) 

NaNO 


3(aq) 


AgCl 


Na SO + 2HC1. 

2 4(aq) (g) 


(s) 


HC1 


■(g) 


NH 


3(g) 


-^nh 4 ci ( s) 


Cl AjjjASOiO) 


4^2Jil\ c^>! Ji-i J j-JL^- + j J-—^" * ^ A — £-L^)j 

wLwo clr 4 j a <j j v "1 2-i-^i j^SOl d)^Ul 

4 ^ j-slsil 4^ J llS'b jw2j 4 ^ 2 jlSl f dr 4 ^b-JUij' y. 0 J — 

.jS~ ji.1 (J jJl^ . LduJl cJ^-^ 6 -^* 4J-C4 4J J c_^-wo 

NaBr (aq) + AgNO^ ► 2NaBr 


3(aq) 

NaNO 


(S) 


h 2 so 4(/) 


conc/A 


3(aq) 


AgBr 


(s) 


Na SO ■ 

2 4(aq) 


2HBr 


(g) 


2HBr 


(g) 


H 2 S0 4 ( /) 

2H 2 0 (/) - 


so 


2(g) 


Br 


2(V) 


Br" 


LjlJI jjLL-o 






COlj^ jj (J j U- + ^ 111 (J j Ut ^ 

c4^2jajl « ^jL^I Oj ^CL> 

.^^LJlcJl J jJU=- c_d^«-Aj S ^f 

NaI (aq) + A g N0 3(aq) ► 


o ^JJl ^J-p ^Lp .xpLs^oj 


NaN 0 3(aq) + Ag I 


(s) 


' aIs^oI 


4 Pj^wO 4_L4 $. J O wwO Uj 

j ^. Igj ^ ^-Jl 0 ^>sJ I 4 Os J clJ^Oj^sJl 

J^>s_wwCJl J ILP ^^^uLoil 1 gJ ^J j 

. LJUJlII J jI^JT. aJJL^s A 3 j ^ A 3 j j 

2 KI (s) + H 2 S 0 4(/) 


K.SO., , + 2 HI, , 

2 4(aq) (g) 


2 HI (S) + H 2 S 0 4(/) 


jJi (r> 


<LcJl AdLl^l jlotfM 

co j — x^~ j_JLs£- + co l^< c II ^c. . i.^ 

col ^Jai + II JjjJ-l CObj j>5" ^ 4 I 

t _jO ? ji.1 clJ-Cjj>^il ^ 'j 

jlc^VI JL-jjjV ^-JU-ljJl ^J^Jl ^JLp 

^s^LiJl ^Ja^Jl JCP 4 -Cj 4 jLL>- j ^ScC3 

jT 21 Jjj—’ c J-^^-j u^°^' 


2 NaNO + 6 FeSO , + 4 HSC> A 

3(aq) 4(aq) 2 4(/) 


2H 2 0 (/) + S0 2(g) + I 2(V) 


j j-^dJl Jlu^I Ij o ^>xj I J pLvao 

J2j.il ciJ jj^dJl ^ ■ <2-*s>- J L>d 4 

^ JJti 4iL>l J lp o ^>oVl 4ilcS" ^bjJ j 


.^j|j>cjJl aJ^I y>- 


2 NaN 0 sw + H J S 0 4 „ ) A 2 =£“. 


Na 2 S 0 4(aq> + 2 HN 0 3(f) 


4HN °,« A . 


3 Fe 2 (S 0 4 ) Vaq) + Na,SO 
2 NO 


4 HN 0 3(/) + Cu (s) ^221 


4 H 2 0 (/) 


FeSO., . + NO, , - 

4(aq) (g) 


(g) 

► FeS 0 4 .N 0 (s) 

4_JL*Jl AaL£~\ <^S jj* 


Cu(NO ) + 2 H O - + 2 NO 


NO; 


2 H 2 0 (/) + 4 NQ 2(g) + 0 2(g) 


4jO'(£) 


£ jLU I loJLU I < h I l&jlSJ\ 



^^(^0 

*bjji5T <J jl£ 4P j*gj£ — T 

(SO ““) ljCjjuOI j — (P0 4 ) ljL iuMjilB : Gljj-ut j Jl& J-^.tu3 # 

*i\A> tjSSj Jijit H 9 S0 4 ji lJlO ^ iXt HC1 4 )^ 4 ^ <j-4 Lj t £4 V J>JLfc Ljijj-ut 

BaCl 2 JujjJiS JjJL>w 4 Lualj . <J_J L>v 4 4 ^ta*j ljIj^uV t 

cJy5sJL> 4_s^2_ail (_j yJU=- + ^JJsl <_] yJb£ ^ jiS" cJ yJU=- + ^JJkI (_} jJL^- ^ 

^3 j J j 4*/? a II <j^LL» ji jjLv^l c_ wc*>1 j jwL jLil djLLx ji ^la-j I < j 

<JjJj£ ^ya ^Js" . (..^AAS^tll cfJj J jiS" J jwL^Jl ^2^S>- ^Js> 

3Ag N0 3(aq) !► 2Na,PO_ + 3BaCl_ ► 


po 4 3 - 


oL<L o jiJl O ) 


Na.PO., 

3 4(aq) 


2(aq) 


3NaNO 


3(aq) 


Ag PO 


4(s) 


Ba 3 (P0 4 ) 2(s) + 6 NaCl 


(aq) 


(II) Lx-j-oj 1 (_j jl^- + ^-LLl J ^JL^- ^ ijj ylff J + ^JLil <_) jJL^- 

(II) ^)l ob/ y» y 2 -J.I cyj jj V ^jjjLJl Cj\sjjS y* ^ya-ul 

(CH 3 COO) 2 Pb _► . J 


Na,SO., , 

2 4(aq) 


so 4 2 - 




2CH 3 COONa (aq) + PbSO. Na -. so 4 , !1 , 11 + BaC1 


4(8) 


2(aq) 

2NaCl 


(aq) 


BaSO 


4(s) 


a]o~~J\ ^ JjCJt J& ul£&\ 


IJlC. 3 jj&J CU3 ^ J) mtt 4)^1 tfmSTB ^j— 4 1 JLuIjlj juSl ^£1 ^ t^t < O—^ L * ^Cti 

4JL>* ^j-4 yu£l J J SL-utSUt »l^JLu l_*u£ jlLII j ^ j 

♦ JLtaSG 

Lji^^4J>fc4 Cum 3 j)tf mB LC^i |^ou 2 J 4Ljl^j^>b4 3 JL^ ^ulo 3 i *£ j 

♦ 4^ J 4 >t 1 LULUf ISLj ^ 4 -UjlJ ^Jr\Jt4 LULUf Ajii& 1^1 1 ^£MlCJ j ^4 4^ J^X4 ^JS!1 ^ 4tLl > o l i LJ Lfir t ^ 1 '“ * 

LjtJJld ljI JUjjJl£ ^Aj- 4 ^ i 4 1 — tt ^^LjfJJlitlt JJL^ r^Ul J 4 ^Jl^ t JL^ 

f jJ 44 , Ul 4 ^ jJl 4^uL>fcU> (I I) 4 ^L^jJtj (I) t^—Uj Jij (I) 4 Arttt Ljt JL-JyjA£ 4 ^Aj 4 ^J jVl 4 t 

< JJujjSZ JjJLt^l! 4)^4^ LULUfl^ 4iaLu>U ljI JUjjJlS 4uu^ 4^1^ LjtJJli^t jJL^ UUMjC 

♦ Cuul t 4-c L . t > C B Ljl£j^J>«Xt jJL^ 4 )An 1 4^4 4 , lT c4t 4 J jLCj L&JJJJj 

: AJbll ap j-gj?sll 

» 4 j Ljt JLlUj^ 4uu^ 4 ^ 1 ^ 4-uluB 4-uJLd>Clt C)Lij-UiS ul-umjC jJUj 

(O LlCx 41^ ty-L-uaul t 4iL>fc4 JJUjjJIZ jj JLtA 4 )^ 4 ^ 4^LC>fj 4 Li.t 4 ^ ^dlXt 4 jI jIj CO j p H jj 

. (II) 4 ^mI^CB 4^j.4J>*tt J Jl^ CIjj-U IS JL^i - jjJLi^J t JLCjjuSjlc 4ud 

: (II) ^bOf Ojj' 

(I I) 4 ^L>CJt JL-CjjuS ^j-4 j jmjI uum I j 4 JJ SoJ (HC1 + H ? S) 4 Olm l£ + (II) 4 ^mI>OI ^lJU J jd>b4 

♦j^LOl CLijCOB 4yk>4^ 4 ^ u^i 1 \j 


CuSO 


4(aq) 


H 2 S ( g > 


■>H,SO J( , 

2 4(aq) 


CuS 


(s) 


LjJI jjLL_o 





: 4JUU»&sJl AP j+pyl\ 

dtfjj jjJuA ^LJ»y Cj \ kX-LLu£ jjJllA 2L *Jl-& tjijj-uis i-t— 

t 4 JI& ljIjj-uIS ^4 ^jJLLuij >>1 cjIjj^jI^j jjSj V 1—aJLlc 

.(III) j c (II) JuJl>J 1 j 

♦ ( j*j£*U J)^4 V 1 JuLLuS^J JUA ) 1 + Jtltt JjJl^wa : 4 -lujLuiV t 1 


AjwL^b* c-djb^ 


i>* ® A? <_s® f -V 

^ -* 1 II \j ^ yl' ^ C f ~ S’ i 1 

.^J_p j-s^Jl 

Al 2 (S0 4 ) 3(aq) + 6NaOH (aq) ^ 

3Na 2 S0 4(aq) + 2A1(OH) 3(s) 


A1(OH) 3(s) 4- NaOH (aq) 


ap aJLpUj 



AL(SO.),, + 6NH OH . 

2 V 4 / 3(aq) 4 (aq) 


3(NH 4 ) 2 S0 4(aq) + 2A1(OH) 3(s) 

4jJjL>cI.I Lo^>-V^ c_dj jj ^ j-JL* 

. Ajj UxJ I I ^ j) 1 1 (_} 


NaA10 2(aq) + 2H 2 0 (/) 


wLu& (_J + ^JLU J jJ< 

^r 4 jv2^- ^j/2-u! 

.(II) JbJbUl 


Fe SO., + 2NaOH. , 

4(aq) (aq) 


FeSCT , + 2NH.OH, , 

4(aq) 4 (aq) 


(NH 4 ) 2 S0 4(aq) + Fe(0H) 2(s) 

^j^j\ ^Jl (Jj — 2*=-2j 




Al 3+ 


(II) JajJ~\ 
Fe 2+ 


Na 2 S0 4(a q ) + Fe ( 0H > 


2(s) 


jj <if? Jl a^w^S^^a^A -t - ^Jai ^ 

* j-<^- ^a — 5*aa 

. (HI) aja4-l 


FeCl + 3NaOH . 

3(aq) (aq) 


3NaCl (aq) + Fe(OH) 3(s) 


FeCl,, + 3NH OH , 

3(aq) 4 (aq) 


3NH 4 Cl (aq) + Fe(OH) 3(s) 


(III) a,jJ-i 

Fe 3+ 


^ jLU I Cxll^l I ^ I £ Loa-iSLl I 






: 4Lb%Jl 4P j^ll 


*^j-uj^Vt ljIjjjj^ Jjl>wa 2LaLi>lj dJLA cjIjj-uIS l-cluj3 

4JI& cjbjajiS ^j-4 oujdG u&jjjjj 

*(^3_uj-aVt JjJl^wa) t ?»/tMC + ^JLXI JjJL>w 4 : 2Lcu/La/V I I 


AjJLSI? 


4P 4-U-Uj 




+ e lIIJ>=(l) CaCl 2M + (NH 4 ) 2 CO w 

oli^S" 

.fjs-Jl&l 


2NH Cl, . + CaCCX,, . 

4 (aq) 3(s) 


CaCL, , + H 9 SCC , 

2(aq) 2 4(aq) 


2HC1, , + ^ 

(aq) 4(s) 


: eJUr-l (T) 

• ^ y*-^ 0^ j yj c_^J 


^ ^ i 1 ^ Cj~* i^j , ' /9 L -* 

CaSO ^ HC1 <J ^J-^-i 

C0 2 J* c5 j^-' ^ 


CaC0 3(s) + H 2 0 (/) + C0 2(g) 


Ca(HC0 3 ) 2(aq) 


& jJ l^Jl 


Ca 2+ 








Quantitative analysis*: : J^b*Ui sLu£ 

-< [ Volumetric Analysis » ^ 

J>Jj| ^yt £■ 4 JJI I llA ^jB a lA yJJuu jil Jl jit f .j-iLjA ^yic. Aja t^LaJl ■> AA . u'ttl 

jJJt 3 jU J^Lsm 4^J| > ill ya i La j3 JjJbu Jt jJLi 3iU< U^Ijm l«-\> 

Jb jjuj . J>L>tlL> J^S jJit ,* ^lxa Ul jjuj . jryiUi jpu ,J>lSLlt J^UlD* j%3_» 

3 jLclii JjLsLLLI 4 JL 4 I 4-t-a ^JLx^-> (3 jLclii ) ^ ^ 

<*OAj . jru^Ut jru (L*J jJt wu-UIt ,Ja 12 u 1 i Ai jjm uxj ^..>1*3?! _)Lbi3»V 5 

t J^Su jLebj^LcUuit 

. >jjuaj $ JjIjlj JjMcLoj -( > ) 

. AjjJitlt ) 3 JLuJS^Il yjJuu ^ ^ JlsiuLuU j Jl jbL>.lj 3 jUuS< Lj^LcLaj - (V) 

Aj*_o*-i _u«". ji jSUj Jtjll jjJLdj Ji f Ai>«..*1ysfcu« jJJ( iLMcLiu - (T) 

3 JLc.be yi ^ >Le Jj> ^wUi J ji m 3 j-jL*Ii ^Jl /»j L jfciuij 1 b»4l >■ Ia j _> jlcj ji jli 3 jUi CulS tisli 
,j<a')l>rt->- ujlj LA jAJUU jl jJLI 3 AlX* ColS t At 5 jt /kftJjMt JL 4 *uS» 5 jJUA) 

. 1 jl£a j I 4 J j-jLaI 1 jjS juJt ,*> 1*4 ^ M»tj* J >bfc 4 (>. Lt» 3<»,) Aj_Lc.be 

IajLl^ ^ILj ) 2U3'.t 1 (End Point) <J^Liuli 2uL^j ^t<y< l^jaIUIj 
JUJL>J 1 Indicators 2d^t ^JLaLumj j SjLaIaII j jru J.sLsiaJt JaUj j»U3 

Jajj j j -l u l Ij Lgj^S j-LJLLj j^UuJt iLjl^j 



4^LjkJI AjjjIIU &L y^-SJI 



r (> - t) u Xiil^juull IfaSN jAaA ^iVl Jj-Ij^! jjUJj 


>1^ (II jil ! 

j.>uat 

^JUcLnll I--* i.i^ti 4j js j^lJl 

l ^ r Lik* LjfcJI Un jO J^ll! 

JaJall 

^Uj 


>**■' 

jji JjJUl 

(j jJLJ 1 JUL 

>«»i 

J^U» |*JO£ 



3>j* 

>4JW| 

^»4>titl JUj£ 

^3lii j- />>^< 

3->3> 





..l^iiSjji iijA J^Lm ^j.jlaj ^4 <«LiJ j ~Laj» jSUjj 

^ 1 ** ^Li J^b ^4 j 4 S >jUlb jjS jjJ\ Jj 4 s*a 

*IUj>iSjjjl* 4J! >4> (0.1mol/L)>iS>^ 

3j j* o^. 4> ( 25m L ) 

^LJ| JbLajj 2l*aU ^IJL^LmU ^jjJM 

3 u 3 ^ j 5 i—LU/Ll* Jj_L>u 4 

JjJLi#} t JjJL>*XLj *L>> L>uuJt ^JUjj ( J 3-A Jj-* 

s 

^ <LjL^j jj^L^ua Jjt (Y-Y) <J 5 L£ ^jjJQMj 

QJ t ^yi^r 41 uU j t ( bLU t 



HC1 + NuOH -*- NaCI + H 2 0 

(aq) (aq) (aq) ( / } 

21 mL JaUSH pLfl im £a lALm jA.;^ jito glS fclfr 

1000 


4Lal) ^y» uV^t! 






* — = 2.1 x 10 3 mol. 

1000 

25ml ' J T - jl^mSjjJua ljV j Ji i . ^uu ij^j 

2.1 x 10' 3 mol. — 


0.084 mol/L 


2.1 x 10 3 xlOOO =^ajt^3i>».>tt^v>u jjlcj 
25 = 0.084 mol/L 






. SliiUJi 



\i V 

‘**a 'a 

M b V b 

n 

n u 

a 

b 


(mol/L) f JdbSiintl j***?! y - IM a 

(ml) ^ ^jLaIi ^ (NIUimII ■ V a 


2GJ^HI Lilli 3 JaU« ja«a1i j4 uYj«ll J jul - In 


(mol/L) ^ >-»“h. 4 T< jJ = M b 

(ml) S>jUmJ« ^ “ V b 

ijjixi ^$11)1 *y» 1 »Y j jlc -n b 


ji *J“ ‘ 5 ^>A ! tA 

M V MV 

a a b b 




n 


0- 1 x21 


M = 21x0 ~ 1 


M.x 25 

b 

1 

- =0.084 mol/L 


25 




>o> 


lA 4 h»L> [< :hUTIi 2 ] jjuaSj^JLA Jjfaw 20 ml <) ^jU« 

I. uaW Jy» 25 ml ^ Uj jw*. } 0.5 mol/L *>*•«* 

(mol/L) ^.uluJ isL? ) julluS^j jucgS Xji i i 

J_»b1i 

c«ci 2(a )+ h 2 o (/) 


2HC1 + Ca(OH) 2 

(aq) (aq) 




M V 

a a 

n 

a 

0.5 X 25 


M b V b 

n b 

M, x 20 

b 


25 x 0.5 „ 

M, = = 0.3125 mol/L = M 

b 2 x 20 

.(r)Jifu 

A 

3 j^IaL f jJ . J * 1 j f J.‘ JU**SjjJLtA ^ ; 1 ■ — 3 aU Jy* 

•i .0.1 mol/L jm> i>* 10 ml fUj 4JL» 0.1 g 

. cLs ^JL>ii I ^ 1 iJL JL c^J A.* £j»X I 4_cukU I 


0.1 X 10 


iWi 


1000 


= 0.001 mol - f **■" -V tiljjjlSjji ■**- * * - 


HC1, + NaOH - 

lmol (ac " lmol (at '» 


^NaCL + HO 

lmol at * 1 iHol 


(/) 


. i \a J i ^4 (* 3 ' *_j ■■'.ti jljaaS j jJLtA i \a 1 jl JJjLail 

0.001 mol - j»$J <... «» JJVyt jJa i Jillluj 

40 g/mol = NaOH juluSjjJu^ 2Ld$Xt 3£&}t 

0.04 g = 40 x 0.001 - Ujiv^n t .,v 2 i"< 
0.04 

40%= X 100 * ibjU>ti . tjuiSjjjqA 3^fl 


0.1 




^Ll+jS3\ cjLJI 


Quantitative analysisc : ^XlSJt wr 4SJ» - T 

^ldxui>ljj AlUS jruju (O . d ^ jJUu yjtill ^JCSUI JJbuIl JttSa j 

I jl^-L) J^SL+Jl ljub J (%jLjj . ulm» jSUj uLaJi 

iijjla -I 
i g A i A**l ^olt A^Ujid ~U 

Volatilization : ^Li>ta (*<)) >- 

jl jJli j a ^JJUL l jl ^4}) koS ^4}! ji jjauJI ^nL«i ^ I Aaj^oJI dJUb ^y‘uj 

. ^ j 1 - j>Vl w * ji t^-. ji j »iu~:. T ti •; ,ui j . t^~n 

1 J jlr » . 4 Jli* 

> 2.6903 g BaCli.X H>() £ij , ^jjjLJl juj^IS j< <L uc UiS CjIS ii| 
aj^_c 4J' ^ ^ ■--*** uM>>i. 2.2923 g uj>^ii *j St iS fli^j ji (a9 J| i.ujim * * ;*■■■ | 

.LJJi >g"U gjLO J 4_JLjjj>iJ I Ajuu^S I JL^ ji ,4J . UJ.>^~>tl JbjjLQl Jy» J^SH cUJ 

(O = 16 , 11=1 , Cl = 35,5 , Ba = 137) 

. 3*Ji 


0.3989 g = 2.2923 - 2.6903 

>1*3 cU 0398 g ft* ZjjJ+u* j*L u ojj^IS 2.2923 g o’ o?' 

100 X 0.398 


14.79% = 


2.6903 


= >LJJ» «U 2uC£J< Aj>Ui SLumoJi .*. 


>1*3 *U ,*->> (>* 1 **j jj 208 g/mol = (137+ 71) BaCI 2 313S31 v 

0398 x 208 


36.114 g = 


= (jIjLJuUJLL^)^ .-. 


2.2923 

18 g/mol = (16x1) + (1x2) = *UU illSJt v 

36.114 

mol 2.006 = = >LJI fUuUjj^ uV^« .'. 

18 

(BaCI, .2H.O) cr* Cjjj^X\ ajjjASJ +Lc^all -*- 


4_4 L*J I 4 ; LUL1 I 



-< ( Precipitation « ( v)V 

*-£ jj» 4uulA i _ r Lc. a > jJUu Jl jt j mom jJ ^ic. 4aujScd\ sixth 5 

j£ uS • jla Jirt<i jj . iHaDj kij^jw wwS > 3 jij « U* ^ jUjjLli ^xw 

3 j " <■ "* j JjJ j4 f <j) jUjJl jimjJ) A4 JJ ^Uv^JU 

ji » < mi jJi j ^t j i~i ^iJi Aijj JSiUj. ( aUj tJLl jaj V j )UlS lit j~i>i 

jSUj * i< ml jJ' ALi S . » | i> » l jJl uii i jj ?f j iti jiH A4 jj uljjSU ^aUaIi ^.L* - UUj 3^»Jj 

. |»£J jL» ullljuS ^l£ !*^JjLJl i,m m kiU!» Jlrf4 . <_*S ji J irl'otl AGS JUJAU 


1 Jll* 

kjLL j_kS uuuy ,»U_> ^ f > j jLJl -ljj^IS j4 JjJjfc* 1 ^ ^aJi kLQj j_«£ . 3 

2 g = ji jl > 1 injiylTij [Uw >UL> ulwI jJ\ Jwit |ijj ^jLJl 

. w J^1a*«Ji AlHS ■■■■■ -w| 

(O = 16 , S = 32 , Cl = 35.5 , Ba = 137 ) 

I JsfcJt 


Jbkt|^>awi ->i>U) 2 l_J>_II J3£lt k.*..^:> ,0 ijjj>4 AjIIS UXJ 

^jLJl uUj^jSj Jbj^lS Ua ^*>_» > 


Ba Cl 2 ♦ Na 2 S0 4 ► Ba S0 4 + 2Na Cl 

(lmol) 

208g ► 233g 

xg ► 2g 

2x208 

1.785g = — — — = (x) 3J3S 







1 <LoVl ^^UVI qa gjj tj£ jjO UUt J-U3 ‘ gj& 4jjmi 2 Lj>jJI GV^UiL £cJ » j - ^ 

j* ^J J J L&1 I £j\~U^£ - ^ ^lt Ouuu^S - I 

(III) JUJL>Jt JujjJiS - (II) JU JL>* JujjJiS - lj 

j* ^ j JLa ji V I JujjAS - j* j ual I jujjJl £ - i 

J Lie, ZLdLttl gjLuJi ^gJJl ^ JL^UaJl jl ^ju^a\^S £mJ\ i\JLu^>j - T 

: bJLc^ *■ ^/^Ct | 

?■ ?■ 

juU3^ k4 ^jJajjl LJ-OJ Ij 4 J ^So j* JJ.S J ^1 1 JlumS JJJLlA (J ^ - L >w 4 + ^JH I J jJL^i_<4 - I 

I JLSJ I LJUM (j ^Sj ^ ^UujIlC. U, I LjIUj^jS J. ^JL>«-4 + £tJLX I ^JL>i^4 — LJ 

j^LXull J jJL>«-4 ^ ljjIu jiu^l l_uj1j j jSLj iuiaiJl ljI jJL<j J jJL>*- 4 + jtlXI J jJL>*-4 - jv 

^ jjjLJ I jujjJLS - lj ^ V I jllloS jj jll& - I 

4 o *>iX 1 ^^-lo/Ij 3 _J I Cj(JL>iJL4 j*j - j 4 <ia a 1 1 lj t^ILtJ — jv 

s <eLu Vl cjVI^I ^^3 2L>b4>b(^l -eLjL>- Vl (^j3j^_l>*J - 1 

: I ljj ju (jh±* t i-lu lj ^ ^jjLJ I juj^JLS J j , L >«- 4 + jdLX I J j - L >«-4 - I 

Cu^Lo -. ^ ljLu^-xS -_>► £j\Jujj ^ -lj ljI^Lo - I 

: J JjjI l-lu/ Ij (II) ljLLlu/1 J ^JL>ua + jcJLXI J ^JL>*-4 - LJ 

LLlIj^-cS-J LjLjLu/ ^ - -N Ljl^ILu - LJ LjljJ^-tS - I 

: J^>w4 LLJ lj 4 J ^£jJ j* ^J J ^ I JLlloS ^jJuLb J jJL>w 4 + JtiX I J ^JL>«-4 - JV 

(II ) JUJLv - ^ - . JV (III) JUJL^r — LJ (II) - I 

: L-Luitj (j^Suu^ 4l>wj IjJ I iLoj jl^ jlc 1 tULjjJLS JU-A + ljJL^XI ^ 1 X 1 - ^ 

ClllJ^-cS - J ljLuj»j£ --> ljLj ^ JuUU^S - I 

: U1S ljV^LiXIj ^LuLvl ^jL U JJL^ - o 

r N J ^ JLlloS^j JLl^ J ^ . L >i_^ 4^ Lid I JLLc ^J ^^JLl) ^Ljv lloi Ij ^gXaJ — I 

. ^ ^jJL 4 I ajjjJLS J jJL>*X ^-jjjlLJ Ij 

^j J j I ljIj iJJj^Luj ljIj jjj^ ^JLa J-ll^jJLX c bitbU, I dJbjjJiS I j^JLuaj - lj 





jlLc 4^1 1 ' A ^ ^ ^*1 I j* 'j.tu< 13 ^jJ I ljIj l^tJLoju J jJL>d I £). ^JLl I JjJu — 

j* 3-y-w L3 j_J I Cx^jZud J jJL>*-a 4faL-bl 
JLlLj^jS jlitJ 1 g JLiC (II) ljLlllu t JjJL>u4^J iULLu^ ^-lljjU 4iij>^ a^uU — a 

13 j_xJ I jua^j ^4 ji jll dA^u^-SJ I ^jia J^Loj jlLc 4 j.>«.ia3. La 3j^o I juiL^Hj - -fc 


^jrt^LuTxl t ^ 

^J^JL>w 4 A£Lt3>| JLiC : (<-*) ft outfit ^4 Jj^Z> c_m/Um (I) ft mSt I ^jox! -*l 

: <— U^tj (JjSZL* Ljlj^ajV I L^w 4 ^1| ^ JjIjILiJ 


(-) 

(') 

ljL4u> jiJI 
Juuuj^SA 1 

j^t jaLuJJt <JjJL^«_4 ljjIu ^T a j-u/t - ^ 

Ji jl 1 jjLllJJ t ^J^JL>«-4 ljjju ^jia-ul — Y 

J^ jX t ja LlllJ t JjJL>i- 4 4 1 LJ jiu jJu^A ^jia 4 1 1 -V 

JjLlllJ t J ^JL>i- 4 L-J jiu jJLua l - 1 

ja L lllcJ 1 ^-L>«-4 >jj ciJU^iLxJcJ 1 {jia^>» cu^ ju jdu^ 1 — o 


^j- 4 -^4l ^1 f>jd±j^aSi JumSjjJuA Jj±>iA 4LBLJ*l J LlC, - V 

ijjSuL> Cj I JUjjAS^ I 

^JLxj {jia_u I l.lu) (j : a I 

j^<^>i- 4 ^Ju l-4-u jj : ^IIH 
ji Ja3i ^ ^jiaau I l-clu lj : Cxllill 

J^LalLJt Lj^TaLsL4 l-lISIj o^Lill j*£3I^u 

{jSLaIs 2LjlL^ j-^UI ^1 uJm^iXl dJujjSZ jjJugfi lJluJjI - A 

o4 UIa 2LpVt jjfcljiaJt 

ljL* <^jLj JjJL>u*j 4JULl4 £c_llu ijJ 4§j^j jl \ l-iu-ou 4->«JI jJI 3 LaJ jl£ JlcL^aj : <J^Vl 

jSjX I dA-duj-SJ I ^jia^j>bj />» ^ | ^.clu Lj i^jJ I 

j^>w4 ^^icj jLc, ! 4 jj-o^M ^ lj ji& <j jJU I ^jjl^ jL£ jlcL^j : ^LUi 

4 1 jds-ua 3aLa 4^51 jJI 3 Liu ^jjJLII ^jjl^ jl£ jl^L-^j : CxJliLlI 

J^LiuJt Lj^TaLsL4 l_l!S I ^ 6MUI ^ <ia t ^g-JoJ I j*£ 3 1 





(0.1 mol/I i )<> * i j~ jji jS>i \ (25ml) ^ ^ ^^iit x-t 1 j a ^j^jl^x Sjn ^ ^ 

JjJL>«_* J^Sjj L-cax^t * (8ml) 4—* L^JJ I i \ \Cr JAl£Lu£\ ^ | ^h> £j\£j& 

♦ j* J ” N J) 1 JU-iaS^j JL JL& 

(20ml) 3 j^LsdfO^wt (O.lmol/L) c^jLj^iSjjju^ji L,CLtJU > >1 - ^ * 

• J^L3Hll ^L*3 (0.5mol/L) j* jj a j I ljIj 3_ij^ 

3 La_4 jlLc ciJJLgIL h! (25ml) ilj t_tl I i JlumS^jJl -u±> 4JLIS JL>»^t — ^ 

(O.lmol/L) (15ml) 

* 3ji&j It c g-U »l w * (^pSJclt j, ^ ^11 1 jjj IS t 2 l-lj 3 t - ^ T 

* 4JLul1 I 1 4-lujlJ l-clo^ I . ^ ^ 1 1 juj^JlS 4 .628§ l-co^31B 4 I 



4-4Lsl1 I 4 ^jLxJLI I 










' ^ 

JatjL&Vt ^ >- 

i ji ^Lc. tj^ljft j^Sj ji lj ^1x44^11 Jl >VI uU) uJltall 3bl^j ^ 


. JjiXlflliJJl d*>*J 


.^Lo^o&lt J^LflLaJl JjLjl* ^x!\ J^1>aT< - 


.^JOS^I Jj* J>ili ^ - 

♦ JtJjYl CuQwu^ijj^i ^ 5 lL&Ji JaJi J>ili JoLlj - 

. ,3*>iYtiJL»> J- 4 I * jl*j - 

. Sjutli uuSj - 

• ^yjLt^uSLyt ijS jjVb 4*il*Ut tZiULuuJtft • 

-oW* 1 J«jGY» <>*i* 2-ui>? - 
. *UU ^^jVl wb-frbjfct * 5 *U* *t»> - 

. 4-ajU* <J-JL>tIi AaJV Jj , ^u> j jJlx+ 3\ ji \ n ^**> 3 jJU^ll ^Yl <*^un jt-J> - 

• «^lt( JJbkulK ^ i - 

- 3 A itWt J^L»> Zr**3r> * 

• ^Ui^SUl jjVb A^iUItl ubLj||t jAtj j - 
• 0 ^ JjiiJ 3UAUI11 Aijji ^ JllSJ* ^ul^c jJl2u - 

. cLc^^SUt ftXc. j» jlaj tUJjJt ^ 3^> jJL&j - 

V 



4-4 GtJI 4 : ^jLULI zLl a -SJ I 







y>U«-£JI JIJ2VI 
Chemical Equilibrium 


• /ll /u£ J/Ull ^Lc ^jSLa*LlJ J (*UaJ J i yJ /ll J/LJLl (jL: jSL ^likj J/ILll 

ji JJaLiia A /jl*> jlaLIj JU* cli( ^ cUlt > ?u+S ClmJb j i ili 

C tci* /UXXJ J JLH* J) /SLj J 4^ iiJTl SUIJU ^yil 4 * ilAA&JDl / jU3l^31l lljtt+f L 4 A 

^yM c LcJi /tau ha>«!i ) j>/lic-Ji laaJJl 5 jLj/ 3 JuL*Jt 4^1**)! 

m Jih ^£/L*jLj /ujimJJI 4jUf /^luJj ( 4JLut« 3/1 /->* 4 > jLuc. cl 

JLlc cl/^Jl jl>*i^L> Jl j SUj c UJ l /bc-J Irvi J» ^idi /-^5) \ ^t>cJl cUJl jlxj iiaJ> 

. ( 3LLut4 5/1 >>> i->. /4 

jjui IajlLc J/Sjj i^luSoIi 3u& / m j /aibuJl ^Lc /^ /uj jl /ji 3Jl> uJtfu 

• > A*&~a~} k ^jJ\ /Uc-Jl cjLuJ^ J JLftJ jL*** /J*uJJ cUJl uLu^> 

(/i^j)cU (JjL-)cU 

, kj A Sl 

iZiM^liLJl J* JLiJLiJl Jl JJil Likjt uJbaj SL^U/oiJl A^UWi Jl Jjl ulxi LaSj 

1 Ua J-4^ >3 ^Jl 4ulj Ll+.SJ 1 u^liuli jVuiJu JSUj j 3LajLc4uS11I 

• (2U*i#1£ajI /u^, ) 3uG ^ 

. ?Lu«1£juI JiMcLoj —V 


- ^Complete Reactions ^»LJi upturn p)^ >- 

>Iu> ( Loyaj J * ytaJt jboVl ) LJlc. JL^I j »l»ut ^ ^ tyilt I JLA ,ya 

_> yi»i 3 >4 I4 Ji« > v* jl»«Ij ji j ji jLt ^Lc. Jyao (> yjt 2 l>oLJi ^^ic. .,■>■.<»> 

./cLduJl Jtjjla ,j*uu ’iLc. till 1 Jt^It yj 

1 iuLIJt k y« j 

y jaJ tfUalj jjS ia> A JiaTl J»l jZj J ^l.-»<« f JUj^lS J ^bfc* 4iM ..'-»! JLlfc — * 


NaC/ + AgNO, - 

<aq) 


NaNO, + 

(aq) 


A«C/ 

(») 







j LL I j jj .UA ^0 (* Jt< m *<iT UJ1 ^<rtj I j ! U 

♦ <*«• $->*****♦ 


Mg + 

(s) 



Mg Cjy + 

”aq) 



•c 


Reversible Reactions ^.uI£ju>V< oVxliUI (t 


I> 


2LpVl <J^L itlll 4 j- 4 jjis ^JLcbVt <Jj^*£11 ^j- 4 Jj- 4 J 4 tiLd^l ^j- 4 cJj- 4 JLlc 

* £> l£t £^4 ^34^ ( J^UjV I LJ LlLU < 1 ) J ULU J^t 1 £^4 ^34 


CHtCOOH ^ t\H*OH, — — CHtCOOCJIi + H>0 

1 (/) 2 5 (/) ^ 3 2 5 (aq) 2 (/) 


Jl^*ll ji J ^,4J*J lAJL>fc) clijj J4i4lln .iLcC, 4ij^J ,J-CLd-Ul J ^<bfc4 L> ^LL^I IjI jjjj 
9 Jjii .> jla ut^u* UJ& . '^tte+JuJl jLlc, ^Ul j^LJi 3ll jla*4 ^c,LalUi ^4 ^LtljLJi 

jj^Su jbkji ^huJ ^Jlj X 4 LJI u J j 4 ^a.J ^jlyJl Jtttf pi 

• j ^I dll ^uAbkiVi )(S ^ jjumJ ^Jl SI ii*S>i L|W uM^Ia Jl J 4 jdtjuj 

CII,COOH + C 2 II 5 OH — ► CH* COOC 2 H« + li 2 0 . rfi jL*l\ *b*jYi 

t H,t <>(R\m + H,() — dbOOOH ♦ (\H,()H 1 ^SuJl*L*3Y1 

* Xaq) * </) (aq) * 5 (aq) > ‘ 

^yt jl ^-b JjSo ^LlLLJI J 4 2bLiLJl Jl^+llj iL^LLUi* .*t>+lt Jli ^JLJb 3 

«^JLJLtl1 ^ jjv jl J^LaHll ^ 1 Jl&j 4j1JJ)Vl -Lui LLJJl >x> 

JjLinJ UJLlc ^ySL 44 Lb^ ^LLaj 1 4L^l&bYl 4l>McLlal1 ^ja ^U^ll gljj 

JK-jI ^JJ l 3 w-> L 144 J 1 CjI joS uuXij ill J^Li^Tl Jjljl* J4 jlall J^LlIII J jul* 

I^uj 3 ^yjt 3j>>> 4 2bfcjLiltj 4 JLc.lI 1 .A 4 T 1 ^l>%ll UJtL> L+jLa JI^jVi JI^j 3 

ji 3j* >*Ji 2 l^ c p4 t J^LLJ( Jbj jla Ci4b U 3 ( ua*J j JjSLju (%1j jlc. JLcUoub (%J ) J-c Lilli 

. 50jL> XjJlLxIi 



4^Ltll 4 : ^jbJLl t 








JaUlIK Jjlma 
.Rate of Chemical Reaction 


Jo jJl 3.1 >■ i HOcLdUn jtjoJl j~S jJ j <* ■.' J^Lalii i c. jMt ^Lsj 

*L£ij . j* JjlijJLi Jo jJl Jo joJ JS Jy*JL) iZ/l jl» j J^ 

jlj J jj 1 J» ^lj AI^LlLaJ' Jty*l' j-S jj Jij tj- —*» /kQi J^UDi O j_l>. 

3ib3 Jli 3u~l£*jVi -r) JSLL Jo i*3LJi joS^ 

Jtjol ill*. ^1 ji ^Jt JI j -"■-_» ilc-liUTi oljoJl J*S jj illj isLiLJi Jl>*ll j_*S jj 

. (T . r ) j£i 



J«l luOjOJ 4 <tr>>«lT * uj^lcLiUt * Jl>- jjMii iltij lj i ml ■_**■» I j < jCT t Jj}l*lo 3 Jt j 4 j 

jrtiiSf I 3 uiill jujji S j 4 jbjjli gj*»A >*n<tj gib i*i^> JujjlS o SLiolt tl>l yj Jfljj 

.ilf ta~<H jt^l< 4 y««J 

Jj^SD 4-J jlSJt Ijy^ll y SLuLJJl JjjjJt Jclaj jSo Ldu«j JLu If) 0*4 JJL* j 

Jj^SLj Jc.Laj j 3 o 3 JuJLc 1 lfjjO_». .<lt-»~»i iZi^IaUu JJUufc j jjjmjlyllj J^jLaJl 

. JUOotJt ijUa 

-< (» ^UiuSH J^-LLUl (SLfe^) J-UL4 ^ ^1 Jot>jJl) >- 

t ^ j JLaj ^jLa»*u£}i 4 x> ^ iLu 


kJiJi t 


• J-cLkUi 3 jt 3 l>> f 



oijj* i : cjuii cjLji 


• • 5jlk3fcJ« J^I^jJI ~ d 

l IgA J^^ULc 4if:liLL+?t 4a^<tra,l iJL*fr4J 1 4±cUlXgJ< AaouLi ( 

t SOcUlUJ! dl>*ll lajt J^ll g^a -i 

<JjJL>w 4 ^4 j>ja4j<^tl JUjjiS <JjJL>w 4 J^Laj J^La 4. ojat 4J^UIX) aljil (j^S3 Lajil^ 
aJL^UHI a 1^1 1 ljLj I oV I JUv ^ 4 Cj^AcLalll I a JLfc ^jlil 4 <iartt ( CjJjXo 

J^jIjjJLj 4-Ls-U jII al$XI 4 jrlJ lj^A^LBUI Lai t+>[^ j 4^ j*u_aJ J^LalxJ 

Sale 4 ^ La i ^£ZlB 4 j^ (iant I lj^A^LBUII <J-La 4j g L loTlI I 

t ^J^LdaU ja ^xgjt ^rlniiiTt 4^*Lu*4 -u 

jruLS u ^<A%I laid « Jdiiu}l 4d 5 a la 3 ^ Uf* t jja aaL+Jt 4 j^xj 4 > ja *, L *all 

SjL>tj 4liS j£ 3 jLul j j>Vlj 3 j* “ 4 4 4 jjA IgdJL^i j^jliiJl jli j4 jrujjL^i4 
J-4 JoajL^IU 4j>xji JS CuLw»ij jLuL^t 4L>>xji ^Jl a jl>> ^JLc MS rXa J? j j 

^ 3>*Wt 4JL*> ^ JcliiH ji jlaULj viiaUl >.AmH JLla^^JL^i 

jjl+31 Oatj LtAS 4u»i . 5 jl^i ji\ 4JL3£J» 4JL>* ^ Jf.La3Ji J 4 Jit L3i j 

• Jjlm JlS UiS 4idddA*Jt at $*«Jt J-4j Jf LaIO 

i 4JL^lilLgJl at j^git J^aS j3 (T)^ - 

fcLaij 3 ^almitt s j& jJb Oatj ( J~*£ >uJt atj L+lS ) ALcld’*,»It a juc atj tclS 

• JdlaJl 4d j-w 

>xaj Jjj\23\ Waagc* £lij (Juldbirg jU*ajjJJt jUibJ* jl»» ji jl§j 

J^jLiji Jft ^ju la ^a j 4 if id *< 4 ?t al^aft ^jS ^jj ^LouSlIt Jdirt iTt 4d 4i ^laJt Jyt 

• 4Jl&3\ J*k 

-< { Law of Mass Action 2LC&lt 

t ^Lc. ja tjj Jf:L33Jt J jul 4 3*S jJJl j^fcjla J^jlilt t jl& J jLLLj 





Ji«l> M Uj jita UwUj j£liu)l AC «,>mt <11 Sjl Jj*. I* 4>jJ U|juk JUdC 

ji JjLjJaJI uV ^ 4 J-LC jjLu JS) JcLolfi Jl^«} 4 /i jJj«JI Jj< jjJl u 

JcliDi SJjU- ^ C.b*»Vl 
• 2luVi Aj>*IJi *t>^i Ji^.4-1 Ab£Ji J*A J*JLi 
JjJbtu ^1 LoujJLj ( b*ALJi jdiaVl J^Ui jj ) (III) jujLmJi JU j>lS J^b*u* AiLbi Juc 
J^SLU J yJ ^-o-' Jcliull tnjt ■»> J j na i (J>Ui («jdkc) «bbLu«£uu 

. ^CJI JtjJVb JctiUl J*l*3 J&*jJ<IU> -UJL»Ji vbbLw^j 

FcCA + 3NH.SCN ^ Fe(SCN), + 3NH./I 

*’(aq) 4 (aqr 5 *\«q) 4 (aq) 

( III)jujj^|I JujflS I III) Ju>b|jl uUUm)^ 

(C*Alt* >*-»') (J*Ui<%jac) 

Jju Lm tjlj-o-t Jb jj J^IsmJI J>J JI JLs»j (III) JUJLaaJl JUj>LS J« <Juj* . rtjirti blj 

. (Ill) .l j. i^T l uQLim^ ja JL)j> jj^Sj ^lc 

Jli JjLJl Jcliu}) (Tj) j J ^lr>Tl^ (1*2) w «l‘ Jfcla >Tl Jjuw J jluaj UJU£ j 

t ^jb Uj JcUlLU J_J jLfcaJt bt£ J c j-ijuj . JI Jjt AJL» ^1 J— a 5 jl* j>Sb JcbLUi 
r , a [FeC/,1 (NH^SCNp 
r, -k.lFeC^HNH^CNp 


r 2 a (Fc(SCN),] [NH 4 C/]' 
r 2 = k 2 \ Fe <SCN> 3 J | NH 4 Cfp 

QjLj L+^jft k 2 t k| Ui (Mol/L ) ojl>> CjI j~& jJJi J jlj [ ] jiV., 

. JoiclkUt JjkJM J > JI JjVl JLic J k_ub jjJ I ^ Ji ^JcJl Jctiill J JUL4 

r i = r 2 

k,|FeC'/0 (NHjSCNp = kJFe<SCN) 3 ] |NH 4 C/p 

k, [Fe<SCN) 3 ] | NH 4 C/| 3 

T T” (FeC/,1 (NII 4 SCNp 

. Jc ( nITi 1 jl^J JI ^jV I buC_i UI Kc j** >)b A) ^ 4 bjlj jl JlA4 — ! 4«<>ii 





i 2 + 

( a ) 


11 } 


: 2 111 


*(a r ( a ) 

ut* *3* j-j'Sfl -Ll Ci, ,j-j->-_g j . J 3 -JI iljl J_tS G 



1.563 ,0.221 , 0.221 moI/L 


<. Jki - 


bi 

> J_9fcJl 


Kc = 


IHl | 2 


Kc = 


[H J [I,] 

(1.563) 2 


0.221 x 0.221 


= 50 


U lajk » 

SJljSJI yi ^juU (Kc < C 9 QI (tjfltl (i) 

JS ) ( j>l ii f>tl ^ ) A If I ii *< »tl ( jLuaL >» l \* Jii { tn 1 » j t < ) 

gjt^Ul Jyj_jSLi JL> j i '■' j V J r 1 ?i"T l ( ajVjj ^ JLc 

.(r - r) jsiu , . ju* jja Ai ^L . ^n 

• « U ( ^ ' A JUJ^IS 2 uib ji GUj Jliu 


A*q/«, 


Ag + 


rail) 


+ Cl^, , Kc = 1.7 X 10 


1-10 


. »U1 4 >vifiT< JUn^iS ^ic Jjl5 JuL^ ^ Kc 

4 jt j jm^Lau (j\ ^Juij (Kc > 1) J3 V t Cu Q 1 I ^.^.T I (i_j) 

: jjASJi jJ^Laj dtfjtl JUla 4 LlJjJij jLjLuJI 1 * J ^ L 2 uJi 

+ C/ 2i;g;i iHC^i - Kc = 4.4 x IIP 2 

CuD uLu> il^bt4 <^a l-cu/I jjJl jt 2UJL^ff ^tjXf jt l-cjJl 4 S ^ Ut J-jSjJ c-JISLjV (^v) 

jjLiu3 V IfrU-Ja <jV l^LcqS CxiillL>> t U 4 * Cul3 J-<£j3 lj t ^ juluej L^ji ^ .u o> <jl J3 V 1 

»^ u / j^oJLa * UvjJLj 

(jmJsj JlLc 4j>%j UJT I jl <U^LiuXt ^Xl >J j a i lu j .uu jy V I duLXJ 4 -j^ JutJi ^ ) 




JdfcliLJt 3 Lc 3 >aJi 3 l>» ^-t^G (T)^>- 


3Lj c ^yjLx^^SUt J^LiulJi 4 -c. j** cr^ 3jijj*Ji ^jIj ^luJu JSL*j 

jt ^«J< uLu^> ^JLiauMaU jl ^jL 4 alI( ujjjj Jo jJLltJ 4 Jt ^oiu ^jlfl ^LLJl 

IJL» 2LJU1I Jilcj^Jt Jili 3 UjL*LU1i Ci\+i±3mH JjS3 Jjumj 3lLcUlU1( 

jLjfc-Ja iZilljJjjfeJi /o*S j4 I 4 IC 4 I 3lJLa)i 3lS jjtJt l^LdlL» jV 

^ 3uS jj*)» *ilLJi J* jl^ +j ±fj\ JILUj ji juV ^Ui jLc, i .^LmuSII J^lilli 

. .IffcAiti a1T< ^LjIUaj jVi jlmJi 1 JLfe ^4^j) 4 ^i.nU^Vl JLul 

j ^Jkll l^luj ji » iiy J ^1)1 4111^1) nLuJt ItfjU I trt Alti I A ft 4jlllo Jl ^JU j 

4jIIIa 1 3u jL*»«Jt 4 uS AJ llaJt ul!) OLo jj*Ji ^ 4 * 11 ! j • ju-c, Jx.L3.^j 

ju j-j ij\ >*Jt jj 3 jL» j Ji Su^LaJJi j jla J* j . 3ULa*£JL«lt cjLuJjkJU 

j 4 l ^uS ji JUi j . ^jLa^aS^Ji J^LkJJi JjUt4 JLj^j ^JLLKj 3 3l u A 1 ^ t i JjLuJ^feJl 3 Lu**j 

jit U 4 J 3 jl 4> CjuujI lij Lu^3j l^"*f ^ 1 Jia i 3L^ii^|Oi - « ti 


• 3u^l4 JjL>. jJ 


1 A HU 3 jt>a%Jl 




(t-r) JS^i j>Ui 



*/r» >»»**»• 


AAj^JI */*•> U/i 

gc ^v-w-w 


fll.r)ja) 


(25 *c) 2Lk>AH 3ji >>• 3 l» ^J{ j $« J JJjJ ,»j -L> »b«.^J i JtjjJJ* £j-*' •ijj 

2LJ.JA J AJLc. JlS U Aja* Jl V j ^ ijbu J>U» ji JLau 





jJVL> ^»JL>. U Jul«j js^t) a y >>Jl Cuuu y UiS j>Ul 


2N,, ?<.) 

>+*•*>*+* 


Cool_ 

Tieat 


N -° 4 rat Hcat 

J>u. jtfiji* 


Jjlld j ja4 J^Lu J jl ^Jki( ul ) ji 4La-)Lu<Jl Jy* ^ 4 *4 4 im I 

. 3 jt >>* 4LJfc gJLLi ^ jJi j jlalt 4>bL5Vl ^ l0.ir gu.Ij 3 jt >*JJ 


3 Li^V >*JU 3 jLc, ^uu ^Jb jl j**Jl joS ^j 4a ^}| 3 jL£Vl jJLjkj 

2L9kjLJ( ji 4±i>ljJl CuiS lij t#i ( ) ^jjmj ja joj 3jL* 1I l^Ju& 

. ^ JjjJi juLL^L) 3^lc j*x£ jJJl j^uLllt Jli 2UjLi)l 3J b*)i ^ 4JU 


« ^JLJi J^tiuil UxL» > 3lcLu^J< ^ jjLLJI jLc Jll»)l Jxx^ ^ j 


High pressure 

N 3|| andCoo^ 2NH AH * - 92 KJ 

1 (g) Z (g) ^ Heat “(g) 

jl (^1 ulLJ^ mol 2 ^l 3JLJ J^UIi mol 4 : ji ^tx^Si\ 

JL3j ijpojl ^3a fj^gjLA ^QILjj <ljV jXI ^ JL^ ^3i (j^gjL* Lj j>uo4 ^j^SLj j^LouJl ^jjS3 
{JjLuiJt (JLaXI <j- 4 gILcLtaJ »j j L ouX I jl£ jj5j Jjbta j! jJ*j \ 3 J^juJaS Lj 4jI d> j 

JJaj i>boVl ^ 4 t^i m n 4.boo u>U cgjl^ ^J^LdJ JL>>xxh jl J^Ju^Ji ZiUjJI 

*j^J«fcJl 4U^ 

(j.4 jjULiit J^Loj J^4) iLjjUJI Lj^Lc-LiuJl ^2a ^jlJJ VI £ul3 j^juj 

♦ ^jjjjfc^l /A>t lj 4JL^ l^-UL4 jl jll 4JV JlU I\ yJjJU ( 4A4 ^ 

« Pnh/ 

^P ' ^ 

(P Nj )x ( P h / 

ljIjL&JLI Ljjj>J I uLd ^J txbJ I ^julolju V J^UULt K 4-^-Js jLa K c <JL>J I USj 

>_L> I £^4j>w 4 UULJ ^^JLSLI I JaJt iiaJ I jSLsj 3j Ij^J I 4^3 Lcl I ^ I 4JL^ L33X I 

(jl^ ^JS lj V ^-4 j JLstJ 4 ta lj ) 43 IjLstl 4 jJjj>J I 



4 - 4 Lsl 1 I 4 ; LUL 1 I 



« Kp Jl >iVi CoO t JO* 


N 2lS) + 2<) 2 i.».i 2N< >»ig) 

0.2 atmN 2 jUJl < 1 atm 0 2 jUJl < 2 atm N0 2 jUJl jl* 

f sj— 

< Pno, > 2 (2) 2 

K p 20 

<P Nj ) x (P (>J ) 2 0.2x P 

20 - Jt ^»Vt Culi 

ji "U Chatelier" jiJi - 1 La j-£^j 2lajLuJi J»ljLALl*Jt j* 

I C triaif* ^ a jl j_*£ jj ^4 4 ftl i ^4^1 ^4l^a)l j^uO > rt irt l ^ykj A^ub Ul ji ) •> JLclA 

. 4j 2 UtaJVl 

Ia* Chatelier Principle a »L~ »U > 1 iotli 
» >iS >Ut ,J!U Jt Jjt AtL>. ^jb ^Uaj ^Xc. a jl».i ^b j j»l flat 

. >aAUl IJLA ^□ cr ib_)i ^b»-)Vt ^ Um '« j ^LtaJLTt jli 3 jl >*JI AL>- ja » Ui^Ii 

-< (» ajUufcJl ^-oIj (0) 

•ij ^ > 44 # i Jjljl+j jtjjiaiJ ^Uju SLuL^Ji uM&lrt Jl ji Jxw Lm 

auj^tft 4lO*ll JLJlSJ Jli SLcLWi ^ jjl«*j US 

^LjklWt ^LJl jliti4ii Jl j ^)| Ua 3lJI^ u^lcUuIl .>jl& uij>V 

. 1* ^ iilLJi lJlJISj 

jjbjJ ^ a44aT» JJx 3‘ Uot~Ji ^4 aA* j jJi jjj LJb 

JSUj iLUla-Jt Ui Mc.ULJt ji jl^ j JLfi j k Jib 4 j £lli Yt 

ji >*Ji jjLfr Jl «> 5 j* jjkJi 2l>> jj jjbjJ 3 l ^ bfcJl J j j l^J jul 4 J* jujj Jl JUjLL^b 

• Catalysts SjUuJi J^ijjJb 

^yjU^xQi J^UUJi J Jlm >*jLJ JJ^Ji I 4 JU ^ >b 5 jU 4Jb jUu%J' J^UJi Jl ^>aj j 

• j* jJj jJu ji ^JLu ji 




: cjuii cjLji 


• J^Liufl fj*nJ 34A J^tiltf iUjiCl lauJLliJi iilia J aLiu) jlisJl ^44? J 


•; i 4 ^vi jjLcl^tf Ji* 2 l^ 1 8 irtTi 6ljtjiall o-*90% J* 4 >2£i ul>i JliMJt 
JjljUSL^ ^js 3u> v^liu^Tt iujJufcli . 3 Ljjlc ¥ t j oUjL+^j>ILJlj 

^-^LLc £j\j\jl * tJlj 2li*l ^Jt ^*U 2lj>UJi jjl > jL>-YI ulil Jit jU*iJi 

oi J^-aj j>-J* cjLuJ^ .I^jUSj^ ji UbJU^lSi ji 'iu jli 

• Aiicli^lj 2 Lm4,^> jJI cjLJLtjJl 4^4 JJsu>> J^l^aS ( iUjfcJt U^itJt 

J' u j - 'fc ' hil}jj Vlli J. u « T Jl j < i»jj »^iriTL» 3L>j U *. jS L t i u^lcUbJi j^u ^ti l i 

■*>>■ J (ji Jjt jJuA>j >£I 1 « >UJt ^ULUb CiLuJt f >aj 

3 ^ .>.u^U» A^lo ^yjt 4,<V» JU«i>J ^c ^>«aL» j*Nii ji US . *U»j 

uW 1 tji >iSJV Wi-?" w 3> »Ant* J>jt «_*UiuSi J^jlj AjU IfxLc «>U!l lr> ?»..._> U jlLc. j 

UiS j 3 u . *faj 3 b UyJ i 4 iijlntt 0 jb 'j^SwUJt jrt »4jj <A i^t J jjfcl. jJ k-xJUJi 

. Aj j SLUJl 4 irtrtTt < U iS Ujlj • ^Irtt> »4 m uilj 

Agf* - + e* ► Ag° 



aLoLsl! \ 4 ^jLiJLI £ Lya-iSll I 






JJ Vl >LVl» All i SJt JjUI JjJLa 


-<(» 3uij j^SJy\ i V />)>- 


^ja *JJk JJU Jbji jlIc j juj > lS JJu UUJ SLLjLU 4*l*g ^1^4 jJLu* 

jLJUJ 5 JU^> 5 lL-j^ 4 «>JUb J-JbMj 5LJUyJ< j 2Lc*t>+lt l^jlj^ji l^jUa cU)< 

^ >^u SlJL^Ji j 2Lc>. >*J> 1*jIj*jI la-J jjj Cc4^> 5ui*jVi JjLS > 4Jb J»>4J» jJL* Jtjjuj • >f£fl 

• 4,*SLGLL* j jGSJV < ulkjiH 

juj> 1S jic ^JyU i^daL3 ji joj j) >SGJa 4 CibS u* 

J,GLfc J^jLu c L«Ji j ^ij . ^GlDi dl^UJl j A4> j Jab*Ji 3 j J U ^Jt 
AJGG J>SLj JLLaI^Ji ^ 4 ^ UJLu Lu>ij 100/ 4Juij J>SG jjJUfJ* JUj>iS jtc 


31** ( ^un ) J****^ 1 • 0 ) 


. jLGJ* J-«jG CiLjfji c. V MS ji lhT Lc Jjl* L** GlS 


J^UJGj *UJI Jy® I I- ^ JLjj^iS 3^ Jh* 0.1 mol uiii 1 (*) 4j j^j 

JbjLGU JV >1x4 JLLjjJ j>SLj JUJjljj *Ult ^IL^i w ^*n /Ul^H w mm-»> 0.1 inol 


1 4-JGJi wijtaLJt «<>>* Li Jp^u* ^ JVJbu^V< . » JL>. 



1 ji jlaLL) . (• - ^ ) jSLUb jJGJt yjljJi 



((*-r) Jg£) 




Lji «-llu> 






^4 3 « LGj Jlrt jj JAj JjlSjJ. tii^tl JA4> ** 5 1 lltlil J Ifll ^LuA«}I jl JAImJ 

. ^jllJt J-vjU* ULUiJi 


jUGJt JjGjLUl NS > 4< rt , ^1 >-UG J-uL>.t I (▼) <U >3*j 

• ui J aj U ia>V 3 • O.OOlmol/L - O.Ol mol/L^^N l « <aj< i , »'>.t 3* Lit 3 -Li) 

U . ‘u j j 4 M> i kuA jj jjilj V ^LbA«tl !(L 3 l 3 jl£ jt Ia>)G 


- ■ '*■»■ » t 


i A $ «t , ,.tl ^|jbu}l 3l<» £yt ^ i *« « hi > i ^LJuwVl 

[I > j JtbkJl t^l l JLj j *lS jl£. ,_p.'* ^ M * 1 ■••"** <GLtS ^U> 

l»uj UG LGG jjij J ^Sjj c Ul< J j ^ J^jGj ^3>tl ( .MG ii«Vi ) 

j4u»Il jlo*J 1 jutij i JUbj i U> UjiM (iMjliniVt) kiLbill jrt«» J^jG 

J*G >jIIj V >iiJ GJ j ^G .^1 J>bfcU jLJU J 3 V 1 

^Lc. 3UV d ,.A*ar»"JL» JLUlflUl ^G^j- J>jG At * >j ULo ,.3._>3^.~JG ULij^lS j 

. J^jGj ( %i w *G^j«Ji J-* G>Uj>>. *$->>3 

. ^Xj US ys JjG J>SUj aGjLUi G>tJuJkUU)i *>G. cr UL^ 


HC 


'(g) 


CHjCOOH 


(aq) 


CH,co f »; )+ ii; ) 


• Aa l*J\U w w>L^->* Vi *T Jj-jQJt ilolj (%ojB ^J^JLfeJt j 

(Ka) L$-LuG Cub 2bVJU l^j ^ j 3 Lsuu LJjUu 4 rtjn<A>tt l-GjJj 


(Ka)GjLJiCuD 

2UJu jjfelt 4 Ju^aJt 

(ii«( 

1 . 7 x 10 2 

h 2 so 3 

^G«*. 

6.7 x 10 4 

HF 

wbj>UjjJU 4 J< jiu> 

5.1 x 10 ‘ 4 

hno 2 

3 J >IaJ J < ja 4 > 

1.8x10 5 

CII3COOH 

( i.*ljia u »twV 1 ) jrt 4 » 

4.4 x 10 7 

H 2 C 0 3 


5.8 x 10 10 

H3BO3 

4 Uj>Ut 


jj jl>ji ) 


4-4 LjiJI 4 : ^jlb<JLl I 






4LbUJt Jj-ii-J *y jiJLJt (J^jjjuJi) j jJLa^II J>ji _l>> V 

JjLu>^ JL^i 3 ji jjtJl JjbjjJ&JYt o^! 4j£Jj b >ol# 

jU^Ji J^jjj-Jb Ijla Ja >jljj 3ujL*LLj 4 JL*j! j*j *UJi C> 3->* y laul i ^jj *UJl 

. H3O* j^i jJb 4) >4 >jj f jJUfli J^ji ji Hydrated 


HKX+ HJO - 

(g) 2 (/) 


H,«* + tf 

(aq) (aq) 


t ^JLj L%£ 5UajL*Jl ftuAkiLti* 3 j$JL> J>SUj y 
• 4 Jull» uLuj> J yxi yA : jjLJt 

LJ LLJjjUSH V t ^iuJbOj ^ : j*QJ I 

UJbOJ Ljlj^jt JUiL ^j-4 <J-LLta3 C J LJlJLXjJaS \ I 

ljQjiJj^I dJ£La3 U-fc 4jbuoSlfliIU jf^oILu/b <JjJb*Xt <^a j ^ a-aniai I ljULJ jj^S^V t 

j Ljljj-jVt jru 4jt J-j 1 SJL>* \Juuj& LjbjJjv ljIj^jV I ^botj 

^UXb J^j ^^SUjj 2t££at 

(°c) 


AB 


A + + B 


4 il l a J» 3 L*.».Jj >*&)> 5 ^U 

1 ^jjVi Jl JjVb JI JjVl Ja t>^l Ok* Jl>^J 5 

jjj 4rt i a.rtTl £G,JjjG£JYl J-Jb*a ^ JljJYl Ja £>Jl ijbfc Llij 1 o ^>jVI JI jjVl 

. bo£ 2b»jLJl tZilj^jVl j 1 *jGj>»> 

«LaG Lg L J L>w4 JV ib^JaJ I ijLLJjJi&Yt JJ L>u4 JLa <LG£1 ( JjtS J^jLd Jjj '*"** V j 

LaII JjGJI jl dl££3l 2L>.ji Ju 2Lfl}bJl .abol Ja 1988 j*Lc ,, JilLiu^l,, JSU3 JL3j .JjGJI 

CjLLJjjJSJ?! J-JbJ. (O mol/L J-£>;iij C 00 ) 








-< ^i Ostuald jJLkl^i «IiL£j) >- 

#> <# s <* 

Jllc, ♦HA 1 4 aJL rU^» JL>^ ^ 5 t 2 ujl^» Lia^.>> ^4 I Ji>* I ^ V LLjJll Jjf ^yJajJsj 

z 2u^ijL4ji} ijLrU ^4 ^ jl^ i*tcy?j & ut 

HA i H+ +A~ 

t Jli Jj 2 + 2 \ fllaJJl I JUb ^JLcr 2 ULaSUi J jkJt JjjUi J^tJLaLoj 


Ka= 1 H *1 |A '' 

|HA| 

^t£ ( jf»4**T ) AxiLJl uljjjVi j«* JS ul juS j3 | H A ) > (A'] . | H + 1 

¥>- J( LU» .pit iM* j) pG Co£ Ka JtpVl 2 JL» jlIc 4 Ju'LUJi 

« JiSa jtpVt ju»i JjLsmJij* vsiiiai(HA) > ^k^t ,> ta*»t j 

4 .S.S ii > *Jt uVmJi 

— i *IS>?| «Tl 4_»» jj» 

siiiiiji jui auis^t j*Y>*jt i-tc 


(1 - a > = H A > ASXWi 


. uV i^ JJ£ ji$J J i« ( tt) ’4^S>n <«Tt uV i«!t jjlc CulS lj|k 
* «J>* ® = ^lskjLJi A" i H + Jy* ,JS uV ^4 vLf 

uVi4)l .SJLC. 

= (C) J-»S pit Jjt >\» j 


(V) 


■ jjJ Ji«)b jl > jVi j <f jliAlt Jjt j-*£ jj jjSj 

HA v H* + A* 

<l-a> a a 

V V V 


. jli *L 3 J* J*i jpti AJ-iU- p» pojjLUG i 



4_4 L*J I 4 ; LUL 1 I 



Jj-i j tjhiQl 2 ua^4jJ< ^ 3 < iUU~<,A ^jjjl^j AjA^AjJi j^Ila ut^ju ^ 

: l^JU s Ii jaVitl a ( CX) jjjLU) 

jtA"tyr, 3 jLJ-i jlj jj (CX) ^LUl JjLi Sjl ^*11 '-*3-^* Ju^ 4ii )) 

5 j>^So ( CX) ^VjLUi I ^Lla i^ Af > GLLJ^^liSJVl aJL>- .( 4luO Ka 3Uji 

£vdUAJ£ LrU^dJ JT^L^J LAjyLwO-l jSUj ( 1 - CX > ^4 ^rtTl 4 } Lii *Lib- a J>SwW 

4 


Kii = 


J*. 

V 


mol/L — = K. )i 

▼ <t 

jaJJI l> _ ? l£. 4^iLwJt AJjb fc ^J* WuGS jS>«rii 


k = a 2 x c. 


•'• a "J 


K 


. ft. _j j j ljj* j (J-£jlU JS ) ±1 j Ui^ j,\ 


ij — 4 0.1 mol/L J j — Ls*j* ^ ^iSLflUt Sjv j* *< i^>-< » Jli* 

7.2 x 10 10 = K„ C^lS ^L» UL£ 25 °C HON 

» lW ( 

HCN + H 2 0;^ H<0+ + CN" ^ 

(aq) (/) * (aq) (aq) 

( jJIrt*!.^) ^ 3 jLa v 

Ka = a 2 \ c* 


a v 


K 


7 


.■. a = ! 7.2 x 10 1 


0.1 


= 8.5 x 10 s 


LjJI jjLL_o 





1 * }U j»^u aj -L i ^ Jl J,^jl J-*£ jli uL»> 




cUI« ^ (C ^LU U jLut 

tl 

CII,COOI1 + IhO - CHiCOO” + II, o + 

•’ (aq) 2 (/T 5 •’ (aq) ** (aq) 


[CH,COO"J |H 3 0| 

= Ka t juf ^LJl £u£ -,li 

[CH^COOH] 


L* jl^JLa ^jLij CHjC’OO *2> Vi*J< Jy* g^LL) U jldLa* jLi . ,.H . 1 U- 4 J 1 $ 

t H,0 + uljjjl ~y ^uLu 

[0,0+] = [CHjCOO ] 

. , « AlpYl C4Jlia^M3 Ali Jitfluj 

[H 3 o*] J 0 • 

Ka = 

[CH,COOHj 

JiLJj Jv»j 4 JUj»( (j5 U j (CCi j'-I-oj 4JU U • oajl £ ,jV * j tA'< j 

(C) ,^»Vl *iLO*)l juSjj = <C -Ct) JLic .^Ijl-VTI ^ 1 * 

1 Jji ^jVl wjO j^jlji ^ 

rn 3 o + i 2 

Ka = 

<'a 

[H 3 0 + ]= s/c a x Km 


. Jli. 


25 ° C JL ' taa ■— - — O.lmol/L J^Lw o ^ 1 j-> u.^>l 

♦ 1.8 x 10 s cA^J' 4jL> Ul^ 



iLaLstl \ 4 LUL1 zLl a -SJ I 



[H 3 o + ]= 


» iW* 

x/c a x Ka 

[H 3 O + ]=y {1 0.1 x 1.8 xTo- 5 = 1342 X 10 3 mol/L 


i Aa *mJi Jt JLcljJoU j joS jJ ^ [***>> 


k-jiu*** JSL±j 2 A'a**^ UjJj^ ^jUJ< J ^ j*jGj 

Ldb j jjLmJi pj*ujj>± kjj&i uU> 4 Jij^L juJlu ^aS 

JjC LdJJ' ujbu ^U)! ^ji I ulliJ Ui.lif j JLCt j4 Jiluyjl jUl JiiMi 




NH* + BaQ NBL* + OH 

'(g) * - 


»4 *1 

(/) Taq) (aq) 

INH/] [OH-1 


K b = 


|NH,| 


. J ; --< ^ Nil/ J5 -!->.' 3 J >4 4JaoL*J< ^LJt 4i.iLfc* j 


[Oll-)2 

K b = 

[NHj] 

JlA J5VI JLlc j ./iCdi j 4-L. UL^ ^Uii U>> ul> X±+ 4.1SUb CoLj jV t j 


.(Cj,) 4 jtioVl Lj^tVl j3 JjL«j (Ml / 4 j <i _< » « T t Luj^Vt jj & jj 


[OH'] = 



K b = 


ion -) 2 

C b 


»L«Jl i Lul^y * 


4JLjLj j d UUj >J -» jLyUl 


CuJ «.?> cL«j* 


, oJQH JI/3YU 





2 H ^> *=* H ^ + ol k> 

t ^IQlS 3LLLJI 4J i[jl*J\ 3uLaS jSUj 

H *% ^ *£) + OH (a q ) 

« ^X* US o* >**43 

K = [»+] [OH 1 = lo-M 

w |H 2 oi 

j-*S j3 ,jUi jji J jVI kZoLj iiu^i ^4 girtlj US jSjli V «U)l JjLu U y jlU J*5f l ^U ij 

# 

juu ^lJLJi 4di M jJI JjL-Jl ^ooAdJi J j>j (O j4 j LL»Lj i jt jlL* ^ l ju *l+li 

• Jl JJiV< uuIj ^ ^lju jIUlj JjLUIt $U!l joS jj JL*a* 

K w = [H*l [OH-1 = 10 14 

Jjji j3 J j Sol ^llll J^bu4 ^jSUl #UI( jj uu> j 

t Jli uUjJj Sb^UIt ^oS ^dJ LjjLm 4 Jyu^l 

K w = [10- 7 1 [10" 7 1 = 1(H 4 

i < K w ) bJl 

J>ji >uS jJ J*j t!>Ul CoLj j<jla 4 lx 10 14 ^ cUU J^tbfclU *UJ» 

JL**i jaS jj Jfc j-c lij (j jJlO j j Jj^jl joS Ji jjJUfJl 

i pH Value (^jljil) ^SM 

■log |H*) s J>ji >*S ( lOj^L^U) mlliJl ^i2||jl4|tll 
pH = -log [HjO*] 

(-log) o^#(p) 

Lul->> j I jL* 3UjUI JJbul) AjJLc Lilt ji 3l>;J J-c, j^aIU j 

« ^Luaj SJjLmII 4 JL 4 I wJLuJi (WUji^^Ul 1 l>*L> j cUU ^^jYi J-**b*Jl 
- log K W = (- log [H + ]) + (- log [OH-]) = - log 10 14 




4^aLtlt £ Lya-iSll I 



i JLuaJ ^ Ua ( p ) J» (- log) j 

pK w = pH + pOH = 14 

^LuoS jjJLigJi fij&jJl (*7^J pH = 7 4J jjdugll fljSjJl 2L4-4 j 3 OjQ (JiLslaII JjJL^diS 
^JLuaS jjJll^J t I JjjSLj ^Aj- 4 pH = 5 ^ < pOH = 7 dj 

dJ ^LlloS jjJuft \ Oj^rt pH = 8 ji j pOH = 9 4i 

j pH<7 L^J I ^ 4 ^ <jj£j 4ji^ 4-jlc, j pOH = 6 

pH>7 j4J3jJ4 2t4-4^ OJ^Lj 2UJLc,Uill Lat 4 pOH> L^J <j.LuaS jj JL^J t 


pOH<7 



MjJ' 

S*t JI 

Zero 

j^4> 1 mol/L J *1^-* 

1 

•lb j^IS jjJU* jb> 0. 1 mol/L J>bh« 

1.8 -1.6 

OmI* > i wfcal» 

2.3 

JjtfefcUi jjtrtf 

2.9 


3.5 


4.0 


4.2 

(%bUJbJl 

5.0 


6.2 

>KmJi «U 

6.6 - 6.3 

J-U. 

7-5.5 


7 

#UJt 

7.4 - 6.2 

t-jbill 

7.45 - 7.35 

f Jjl 

8.4 

>*-J< #U 

8.6 - 7.8 

<Jbjl >«ll 5 jLull 

10.5 


11.0 

Ui^Vt Jv* 0.1mol/L J*l»* 

12.0 

1 J 

13.0 

jJLiA 0.1 mol/L 

14.0 

JU**S >JUA 1 mol/L J *1^* 


v 


JjULL* 


0 , 


•U4*£Laj>1 






(J-***- ->**?• 

( pH meter ) 

-< (t Hydrolysis (i^i) jjb*^. ix&y 

J jLuLi-i M-ulii jj ji i 5u > jJ 

j JujjJS JjJbt* SLulSJi jS 

Jj£ s JUj>lS JjidM AaJI jJ\ ujLLt*J J jJbfc* AolluJt 

• ^}LJt J ^ uUUdJl tiSbj ^Lec AjujV) 


((n-t)J&A) 



S t Al -*^tl 


,> JLtlJ JjiSMlt 

iUfi U Jj Jjjj 

Na2C03 j ^1^4 j-ajG 

J>^' 

Ai Jj ^«JU 

NH4CI 

JjUU J>U*Ji 

^tuY 

CH3COONH4 J*l~ *£b *T 

J jULU 

jjOj Y 

NaCI j^b -i 


t ^1 j US J^jUJI J jJL*Jf jljLu ^juJu jUjj 

t (2b$2 JJLCli V4 niuaU jiu> ^4 j"«t!i4 JtU) tllUjJjS jtUJ <^jtli JA>Jtft -> 

5 ^-c>» 3 j-L^Jt ^jlna J u <aj*>.J» CuJ^^uSltS c UJ f 

< OljjjjS OU^ji 3 /iCim Itfjlfe aJt OIj^jjS ijtit -Lie j 


2 H 2 0 /F =- 2H* + 20H q 
Na 2 CQ 3(s) ^ CQ,^2Na laq) 

Na 2 < < V) 2 H 2 () 6 ^ HjCOi + 2 Na^ 20H 


(aq) 


J j j Jy4 JS klilj^jlj JLUj^j >£)t j.-»«> J$£j J^. Lilli Jy* lk>- 

ji uB^jaaJij ClJjjaSJ* Aji ^3\ JU+ t & jjJu* f-i-C- £>-jr>3 

^b«jt (jJl ^ JjcJb >*1 > J jSLj Ui i JjLUi 2uG J $SLi AjjaJ) J/LLJjj2*£JYt 


4-4 LtJI 4 : ^jLULI 4 Lc 4^SJ t 






jik4> u lrkilj ^ ulj^j j£Jt uli^ji j4 jjlli 3bLiLJi uli^ji 

£1 >31 ,> i UX, JLilj 4>fe IfiJLlJ 4 Jjtai Jlul^ ^Lu>j jSJ\ 

>jGj A ^ UILL^J 3 julLoJ Lslxj 4JLb ^LuLj ^SJ j < jt jjVi <J33iuJl c L*Jt J^jLj 

U4J >Lj jJl >* Vt joS j3 < jJb ^JLOjJ) ^dM ^jLJ c t«Jt ^ 

joS >3 J-* j*£\ Lb joS jG ^LuAjj J.4,^^3 J^S >j 3 jLj j ji (%St >5 ^UJLc 

o&!3 PH > 7 ^Ui oJLcj 

* tj$li <» j 

i (3LflA«.iii 3-Lcliy Jy >ul4 gXs) ^fcu>«Vi Ju^^iS jjJUJ ^ilil Jl>LJi -Y 

i 2 lJLJi cjVjLmJU cUJi ^jb JUjjlS JU $3 J-JuJ jSUj 

»=o, ^ ^ »r-,t °»w 

NH,<^ <t NH -W 

IM>,^=^ H ?4 tfa NH 4 Q Ha) 


eUJl JLljjiS Jbji gib 4ji J^bujl Ja g ^ alj 

AiV JJu jjdUfll v J>4> J$SG_» V j . Jlu+iSjj J uu* j Juj>lSLft 

| v f^ t ill <f> ‘‘"‘ >t H 1 *>r liVif* ♦ H + ) JjLJi ,*□ CLJjjJSJt 

« UJI JjG SbLiLJi w J-clouj /k^u^Vi G>li>jt U» «UJ> 

J»lj»i i^OAddJ 4>j7tj ^jLUI » iijiii-t > 7 t jt j jjiSJ) tjA im yleajLjJ 

SjlcLaJ U_o 4J>Us 4_oUj £-»> /4mj 4 Jt jjVl «UJi J>j 13 Jt jjt J* J^iS j 

JLUjuj. uli^ji ^ j<iiii>tl ,jGj« 7T «L*Ji j4 J j>i uloj^> Jjili AjuLtlw^I 

jujJl Cj li>»i j*&jl i Ja • UJ-tSjJ GAjjji 

.Lua*L^ J JL-U-JU 

i(3iA_>AirtSJLfeliy > tl.fJi ,JALA^ ^A JjuIa gl«) (>Z»!^>.)>LCa^i jjUJ jjjUl JUwJi -T 

i 4 _*jV< uVjU«}U «UIi ^ uHinii JL» jj J j*4~i jt«j 






H (t q t °'U) 

CHjCOONH, i *fc CHjCOQ^t N «£o 

ch,c(X)nh 4( + h,o ^=^^ c:h 3 c(K)h + nii 4 ()m 

L+a> yS 3 J^SLu iJLaJt jjla 

i j*%+**U J^jG J)-4 jljLJi ^^LaJi j G>G>jt >oS j3 l** 

„kxmJxJi ^ >lin Jj\j fjA 5 JLJ 1 JuLtis Jju*£ jjJu*n £s\j#\±j&jP 

. Y-iUl* 

1 (3Uji 3 jlcLj %4 ja»> ^4 2 -U) JLij^lS jJUJ Jl>GJi -t 

1 4 -GYt G> Y jLjl^JG * I4II JLj j jiS J.U 4 J jSUj 

"(U - ^ 

NaC 4 ) C^ aqt Naf aq) 

NaC( st H 2 Q ^ ■ > Hf aqt OH ( - aqt Cfo N »ta q ) 


1 >jAj JyjLUl ^Qlj ^^a3\ wlj jjIS j jn « » j j SgJ V iUUJl jjbb 

J klllj ^ji 0 ii i~l till . JfcjQJl ^QJtj ^>U)t 

. VjIjLU J>L*^Jl J >SLj 3 ^ US «Ui* J>jLj Jv* 
g « * > «Ui* xUJi J)L> 5 J Jl U j J jUlJi >* ,j' fcTtlo/i ji JUj U* 

jUJt J $1 ,t ♦? Su.kf LaJt j 4 jU*l-»Tt i^LuoUJi , U~i«*tj jU^Jt 1 ~ f '• ^ 3~ •*-** S >UJl » _)-~-— ri 

. #U!1 J* £±*Ji J Si&Jic. 


3ut jy t j^u, 1 ijuijy 


jl>JI \Jub (Jjj&jS) J LLcj 4^LLut4 3jtj^ -Leg. ^ Ut <jGj Jitt <— <JL^ jcJU <JS3 

JjJL&iilj J LU-& * i ikUiJ^Xi 3^Ut ^4 ^5Ll4Lu^ 4jtJJ t 4JG* 4_at Jilt 3^Ut ** ^ 

4 Lit KN0 3 ^ Gj^J t ljJjILu 4-uGj Jii3 J JLv ^u/t j ^ Ut 2 UJL -salt I 2 LuGj 4 ^JUj 

^yjJu JSlc. q . Ut AgC/ ^ /A^t< JujjJlS ^LuGji GJLu t 20 C jJLc 31*6g/l00g ^jLaJ 



4-4 Gtl I 4 : GJLl ^L 1 








• jlxc . q&ulu jttti <j-* j^udt Jjjl>iti j3 0.0016g/100 grfi U3 

J)LSjjLh ^L>rjJU 

u&jjjj t jlv ^.LJu^ iji^ ^ ut c^jj Pb Br 2 II Ljji^i r^Ua 

: i^uVl U&j I 4I4 qjav ^jLuj LJ jJU 

PbBr, IV+ + 2Br~ 

2 (s) (aq) (aq) 

. *Ua£Jt jJjlS < jjj \£ 3 ‘ ^ J (O 


K 


sp 


fPh^l [Br“ l 2 


[PbBr 2 J 


« jli 


t Lu^>2j CjIj JiaJ uLalt PbBr^ jaS^j j'l au>^ 

K,p = | Pb 2 * | | Hr P 

jL-oc-i aaS Solubility product i->1 j V> J-uabcj K s|> jju 

J^LmU 1 ^ * 4> ^JUS / J ^*JLj *> ^bLj^jl Ja£jj ^bjJJI 

. g^iliqb V4 J>1 _>Jl ^JL>> JL > i 4J J- V J JUy. 

q U1 AbLlja 43 ^ UJl^Ag 2 S0 4 ^ %^>t 1 cjLLj^a^ jtiU AjIiVt f : ^Jl^4 

1.4 x 10 2 mol/L SJLutq 1 Of 


t J-i«Jt 


Ag 2 S0 4 

lmol 


(s) 


* 2A s;,> 

2mol 


+ 


1.4 x 10 2 mol/L 2 xl.4 x 10 2 mol/L 


SO 2 - . 

(aq) 

lmol 


K p = [Ag+] 2 [SO 2 -] 

K p = [2 xl.4 x 10 2 ] 2 [1.4 x 10 2 ] = 1.0976 x 10 s 


1.4 x 10 2 mol/L 







. ^ t «L«II jl3«_) trk»«.'-> -V 

. 2u~.l£»jVt O^lUiDi -t 
. J-UH -1 

.Axtblw^I 3 ■ ic La -A 
. «UA1 J«uab*Jl - > • 

. jJUtL-t -u 


(■ J)VI Jlj^jl) 
t ^3U U Jl >c 

. SUHJI J»Mc.UUt -T 
. ^J^LouJl Jjuu* -0 
. ZLSJtJjtjb J>3ia -V 
. auiiyi -* 


t 2 l«LJi ^Ul (f ) Ji 2Lu*lSuuYt cj^4^UJJi <*ui (£) uft >> 

N » OH t ^ + IM-' W> = NaC W> + *M>,, •'» 

2AgNO A#q ., + BaCI^, = 2AgCI<„ + Ba<N0 5 ) 2l »q., -* 

2Cu(NO.,) 2h) = 2CuO, s( + 4N0 2(g) + ^ 

co <*> ♦ H 2 0 (V) = CO^, + H 2)Jl) JU- *Vi! ^ -a 

t U-Jb >, uS < 

. WLXc >J>J j JaUlJi Jjlm -i 

. A-*Lt J*i**J» j J ji*11 Jclill* -v 

(« y»>Jl Jt j~J» ) 

i^Qi ^uS 4JiVt ui ^ *il JS jjijj JuS 

^♦C0 2(|) — * H 2 Q (v) + CO ( g) f AH = 41.1 KJ 

• j JLuJi ^jLj ju^}! 4 J 1 LJ; -i 

• C LcJl jldfcJ ^LdU< -u 

>Lc AiUil -£ 




4^aLtlt djjjLDJ pLl ^ SJ I 





• 3 jf j 4 3 j>Uj 

. #Lc^l1 (%^>> JaLu -A 

t 3jt > j*Ji 3 l>> j 4 34Uj V4 jLlSJLJt 3 LmJ 3 jUj AjVi Loih J4 ^ 

NO < g) v * 1/2 N 2 <*> + 1/2 O ftg) ; AH = ( - ) 

^*^3 ig) v ^ ^^2 (g> + ^ ^24 r) • = ( -f > 

N 2 H 4 < g > v =* N 2 < g) + 2 H 2 <g> ; AII = ( - ) 


i ^jJlj L^-Ja 4J 4l* * +)\ j 3ujlc l3Jt j 4^4 xIi JJbu}) U 

. 3.5 - 4J pH J>bM - i 
. 7.0 - 4J pH v 

. 4.0- A3 pH -->> 

. 12.0 - 4J pH J >b*» * 4 

g^jLxJl 

: SluVl uljLyJt JS 4L*br Jjb jUl ^lUL^l 4^ tulSt 

iLLcliLUJt 4 (>+Ii o3^3 j jlait J^bLiYt MS ^ja ^ ^<>1 ^2i\ tliM^Lalli -i 


• (.... •••••••••) jj> jl ^4 xmU J^LdUl j4 

• ( ) jJ< 3 JL>> 5 ^ja *LLcUiI«J< 4lj*Jt >JLU» jlJL&4 -uj 

( Ju^L^ ^4 Lj 4 >La LutfUui ^jL k+j£J\ v 3^UlUi 4^ ux^UIIj Sjl 4j^;i u JL juc --^ 

• ( ) il^«I <uij^l ul j-& jjJ 1 u 


JJL* Jt 4Jt»* 3 JL^i ^ja >u*J wl>JL>> lit '4 

>JLJ» i JLSa ^jlLj ji Jii-j jJi jbuVi ^ja J^wLa! fUaJJ* jli Sjl >*Jt j 4 ji J^S >1N 

-( ) 





(T^sJ^s) 

i uL^V 4jl«f iL» jj ± j 
. ^J^LaUl JiM ^Lc J_*S ^ill /ajO -i 
. Jj** j£.UL» 2 Lc j— 5 jl >s*Jl 3 l»* ^-olj - w 


N 2 04<8>^ 


^—LJl Jljuitl^ 

i J^laHJ jjl JjVt ujIj iin»»l 

:2 NO z (g) 


0.213mol/L = (N0 2 ) . 0.213moI/L = |V<> 4 | jiJ5V»jl!c ^J-S^jjCUjLic 


J* 0.13mol/L J>lax* *>»i3 3 l u*J U 


. ( 1.8x10 5 <1UL»J« ^ ^o£) 

ajjliLU y 4L»JUtl 2 ji 4L}~k-L*. 5L jUJ« l*LJb** J*£j 5ljV( 

( NH 4 ) 2 COa , KCI , NHjNO, , FeClj 


• -UaVl (Kc) CoQ 2J.»U- wa^I 


COCgJ + HjOv 
4 NH 3 (g) + 3 () 2 (g) ^ 


C0 2 (g) + H 2 <g) 

2 N 2 (g) + 6 H 2 0 (V) 

^ 1 ^u>£ >^JUll 


» J-S j2 J ^ 1 x 4 3 % J ^-aL>.i ..i JjLi 2 Lx jJ CulS til 

ni^(Ka> v-*^ - 0.2 mol/L 


1 Sjl jlIc Jji JJiVi iludJ ^>Vi 

H 2(g) +l 2 ( «) *. * 2 HI <g> Kc = 67 at 850°C 

H 1 (g) + U - ( S> «- N 2 HI (g) Kc = 50 at 448°C 

1 <1 ~.' 1 j ^ '" *~' ♦ 3jt >>4J <_>*aU j*j 4jUa <Ja 


4-4 IjiJI 4 : LUL1 zLl a -SJ I 



f juLwJu £4 i j*5 ^jild 


( T jJj+£L 

J jO*Jt ^ >ilU >♦ . 25° C JO* K w = 1 x 10 14 fUU^j *>Vi J*~L*}t 2U*J ji <*1* ft) 

i Aj* jjJ* «> jl* jlIc i?3V< 


pOH 

pH 

[OH] 

[H + | 




1 x 10 11 






1 x 10 5 






6 






12 








*Cut!at jb Ulc i BaS0 4 CjCuj^S ^a ^.ytuls ^ [Ba 2+ ] <— ua^*t 

.K =1.1x10 10 

sp 


( T ^ y LiJl 


. 2L>l!aVi J-u=»l>» A.+.i.fl < i > 1 0 ,5 nn)l/L AgCl2ukIt!l ^Uji^iS ^Ljjis j,ji klulS til 



£'\u l qulSJ\ : 




iLaLstl \ 4 : ^jLULI I 






: (j\ ^ L c ^ SUl ljLJ uxfl laJl iLu/lj.a *Ljlg3 

« A-oiAXt 3^tV<rttt jj J j ^-ulid^t *LdiJI ujJl>o t LJ^l^liLilt jir<itfj - 
.^ujL^I) ujllajaVl j^/Lj9 ^ ^Ul JiSbLul j jio^ jjJL^Ji c-Ja2j jruj - 

>A-uU U Jt ^ Lc l ^fc U 2Luj^S3t *L*3lJih 3^11 4 - 

* iLoUzJL^! ^ Lc l ^fc U /^>V | jj*ji I c- CI SLj - 

^ aV | (j^jL* i y&>* Lc*!^ ^u2j - 
/iLul^bJI LfMiJt ^ gJjjt dftjjuj - 

♦<J££Ut j ^4 JUJL^JI iUlja j 2Uiu£ jh_o - 

* L-U^ ^l^ljlia IjjjLj9 - 

JljLa jrut jj3 JL>uLo/Ij 3 jUI - 

<J-Jl^*X jJzd&iufi gui jj - 

* iLcLJ jjUSUV I .au*v i jlIc, Ljjl>o Lj^/L^LiuJl u^ISLj - 

*2LjILJ jj^ISUV I Lj^LZtfi j ^Luiai^t jru J r c^j - 

+ 2LlLJ jjJSJy I U^i^i ljLLuI^j jjyle, lSj^lLs - 
. jujl>J I l^u/ Ij j 4j^bfcXt <J£l3 ^ Lot lJJl^j Cj^i^\Ju3) ^ujJu - 

• ^jLtujVl ^4d> *LUj*gS3 1 g, [jL + jS3) Ji \rtj - 

*2Luj^£II ^Lj^-jSUt j^JLSj g, U,UJ ( j JL2j - 

V J 



£'\u l qulSJ\ : ijLJI 


AUj4&II f 

Electrochemistry 




4-Uj^£lt £, i^LLudl 4Jat JL<a lAjiSi j 4Ja LUJ t gj. jjt 4-Uj^£ll 4Ja LU1 t ^- i U j 

3 JUuSV t Zj L2lj <k-Uj^S3 \ 4-SLUJ t j 4-u L l^iSJ t 4-3LLaJt jrjj J^Luil 4»tutjJU 

3^ut <j\ *jul aat .autt jL^t <> Gi^ps^yt jzuj 

* 3Jlu£¥1 lj^A^Uj JL^i jrh^ UJ t t j 4^jLt4-4^ <J^L2zJ l^jt4 4_L>*t jtfl 


t 4 jj^>sJ 

* ( t ^ - 1 ) <j5LuiJ L) US a I ^ LSjJJT I )> L>w \J I lj Oj^»cS J jJl>fa4 jry^J UtJ t A ^ j a ^ t - 

JJl2a t JU UUu jry^jUJt ^L>uuluj jlUau i—uMjSLi S JU JJ& <jt da^^Aj l&jjjj 


*(<-j ^ - 1 ) ^JSLuU Lj US J ^2s JjIjj jJt 

Ujjj <Jj 3 JL3 3ui^ 1 ljLu^S JjJUw 4 4jjl <jt ubjMj 4_Lj^U 3jIUl ^113 jUUt titj - 

03*^ jcju^j 



ft ^ 


t 


7-iT + Cw^ ► Zn2+ + Cu‘ 

(S) { a * i(S) 



4-4 LtJI 4 : LUU 4U,4^SJ t 





: J^LAj h frVl ^j-4 (JjSuLJ \Jl& <ji Mjj 


Zn 


(S) 


Zn (aq) + * 


e 3 Jllu£] JLcLAJ - 


(Zn 2 + ) j J^>u3 j (Zn) JS xAAj A_t3 


Cu-‘ + + 2* 
(aq) 


^^3 jJluluj L-)jJuj A >i j rt r< 

t J^LflJ - 


Cu’ 

(S) 


( jru^jL^tJl J^LAj i J-4 jrt4.a LAJ I ) jru 1 (Cu 2 ) ^L>«j L-iiallSLj A_ba j 

♦ t A^-LgLU 3 1 — 4 i£JLll (CU) l^wA 1 JJ^ 4 ^ | 

h is>\ ljIj^SL* J 1^3 4 ^ 4 ! t ij S-ulAJLjt^l <J)jju j*Uaj l_c 4 Jj 3 4^3 UlaJt ^>0 A 3 j 

^ frVi jr}^ ^U-<^ <^3 4 jt cj Ij jjUSH ^A 1 ^i^Mii \ j A -o^ l a S^tVt *1 L^lLuaJ t ^4 A-A^Jt 

4 ^d uJLXJ 4 ^Ji^l 4 yjl rtl (t) 4 > JUa£ ST I J^lLu £^4 jLd 4 ^ 1 r Jj) (ri^J I AllJbj 

.A-uLAJLjt^l A_A^)t 

AjjLLaj) jJluaa £y* ZLlJj^S A^lla lg-t 3 .ujlJ A_u ij^S 3 f ^4 j^T gjj l£JL i&j 

A-cLJ jj^S^Vt Lj^UJLj gjjtfj t JLk u&j^uj - ( A-uLAO j-tA) J S jJS+S j 3 JluS\ cj! jl>» V ( AaLv 

.Electrolysis Cells <>j>«s3t u^ii. ji Electrolytic Cells 

- ^Galvanic cells ^LuloLyJi LjM*Ji »Vy ^ >- 

jjLuSi Jl^Loj £)j JL^ A ^-cu 4 ^jj^ jLu 4 ^Jl^ I 4 I 4 j 5 U^ A-Uj^S^t Lj^b^l ^4 4 ^ j 

: ( T - 1 ) <JSLluj A^JLdi£ (JLut^) A - A ^* l^Hl 4 t £>* j - <^jIAG J - 



1.0 M Zn 2 ^ s ~n. 1 . 0 M Cu 2 ^ 
( V Y-i) JSLS 



(it-t) J£A 





£'\u l qulSJ\ : i-jLJI 


udaS) JJlS ^4 jSdj (<j^l^«JJt udaS) ^uta*Jdl Jd3 ^4 J- 5 J <j-4 iLd^t? t 4 JIA (jjSS3j 

jrdjJladt jru jr}JLuaitl4 jrCsljt JL>d JjJL>w 4 ^ jj^Jla L 44 I 4 ((jru^jL^Jt 

dauL^tb ^Lda^f aJLA ^biJJ t - *Ltb* 1 *Lt3 L 4 J ^IjJ <J£j iLia d a Sjda-uiJ 

a jjV I jt AjLuaXU L 4 JL 4 J ^cLda^t <^a 4-uvjil uL^( (Cathode) jt 

Ccd j^^cty 1 ^ j jA^tt Ut - 2 l dajt {^L^JLult 4 j ( Anode) 

.Electrolyte 

jLu jjj-4 UJ Jiao (Jj&jj* ^Jbt 4 dlLoJ 2L dajt w it^4 JlL&j 

*(jyL* L4-d& ^Lda^t aJlA ^ o^La^t <JtJHa*Vt - 3diu£¥i (J^rUu ^u^jj jSUjj 



. (Anode) .s^jVt jLLc -I 

■» _ — (Si > »»^( ) 

Zd 2+ + 2c 
(aq) 


.(Cathode) 


Cu 2+ + 2c 

(aq) 


cv X 

(S)T 


(JLm^O 


.2 ULV ) _ ?> — » « ^yl^Laj g^4j>b4 ( Y - i <J£Ltu ) 2LdSg}t ^,3 ^yl&l ojSiij 

*i t 

■S.. I w/V | ^ 


Zn° + Cu?+ - 

(S) j (aq) 


JKi±J 


Zn*+ + (Ju“ 

(aq) A (S) 


^ '^*‘ > j_y3 jjpu<3jlSt^l JJii (JS ljjJu UjLLc. SlUS^I w a. •-*' j (jj jLctft jjjj* lJl&jjLij 

2Ld>^j^(Cu° ) <J^/Lab oljJ l^uajj UUOJ ^b^dt L-t ^aJb jj - JrU^jL^d^ 

.^LaoJt 

: Jbtb jr}-diS J-4 j»j (n*>r ^LuLidadl 2L da*)! JL3 j 


Zii° 

Zn 2 + 


Cu- + 


(AM) 


(xM) 


dJ Ij^jV jjUSdV I JjAadt j udaS jrO ^J^aLidl Jlaj t daadl 

.( ^ L pd Xt Sjlalalt jj ) <LA>^\ jjjl JW i^Lu 





JuL& tj V I i ^ L4.1O ( JjjVt ) JUu^Xl _Lui L«jl J lJJ^j aJuu£hi\ i ^ <jt 

.L^ljj'b 2Laj^J( ^(.Jj^lsat) 

S2LuLal^( ^ Uj $Salt bridge 2u>*iil 3 u 

iCubfc <^JL^ 2Lc>* ^ J 5 jLj-c- ( JLot-i J^U) ^LuUlL^I \ *Lb>iAXt 3jIaJaiXf 

J-Jl>fa4 ljIj^jI ^4 Aj Ij^jI J^Luj V (Na 2 S0 4 ^^j^i ljGjjul£ cP- 4 ) Jt>^i ^U3 XJ 

^jJl>b4 jru j^LuajUlj *Lb>u U t 3j2aJi2tl ^j2jj *LalaL>JI 2ud£J\ <_jUa£t £4 Vj A_tL^t ^ a ^ 

I SJjIJJI LuJ I ^ Al^ljt4J j*^3J LoS 3 Ll 4 A jj- laj I 

*Ll L >- 4 rttrVlJ 4 3 frVl J 3 JLlO^Vt <J^LilJ ^ L^-CCJ ^UJL3fc}t ^hjUSL* ^ J, i >fc4 

3 JUu^V t J^Uj cJl3jj (Jib ~ <Lc>u \ i\ *jt~>**U uL£j 


* *Ld3Jt w * jW cilLoX t <^a jLcIXi jjj^4 lJi£j2j j 



£'\u l qulSJ\ : 







Electrode Potentials ^UajftVt 



<J jJL>w4 j JJLa L-tla^ <^a j^MaXS {j^LuaJ 3j*£iLjl4j JLvjj V 

jSU^ iLdaJ t ^ a jru 3j-^ <j* UJ^ ^Lulid^l 4_c <^a 4 j Ij^jJ 

j^Vtj L it^TtU a ^ ^LuliLbv *L<JL>* C^jS 3 £ijla .41 >6- ta j 

l^JLa j ( A-tlaJ \ ) 2Ul >i A J 4jt3ljJl 3 t {O - Cui3 J^v j3 ^u/Li u^laS 

j_c£ c-daalt uLul> jSU^ 

J <jl jSUJ ^mjLl£ < ^jjj LuaJt t J l^ u llu) g, L* A alt J^iut JL3 j 

^jLu-j I <>b^> iLca^Jjuu t ja^LuJt ulkil 

U£ <^a/LuaJl Jj4_4^1l t^Evfr 4 JjSZuj 

(lcm 2 ) jcGXJ) <>4 — <>« (f-t) J£aJb 

JjjkVI (jrb^bJt ^-OuiLu/l 2UblaJ 5Ua*4 

Col-) lEaaxa u>3 JLv^l 1 jl£ ^j-4 jLu l^-ilc, 

JLa^tj JjJL>w4 4 ^ Juv t j djt JLa4 

ttW*l ^y.+.LU^J - l£j£ J\ -y» (lmol/L) jV>4 

jr^jjdu#} t i ) < j £ jjiaJl a Jl^ Ctao 
^JlxJ ^jt^tljj .Zero = 4 JI^jv j (SHE) ^^o/Lualt 

.^i^ia^jL>Ju^i^S(r'-t) JS^ <i*# 5 ->*-*• ‘T^ 1 ^ ^ 

. jt jUtll daA^ij-duj j I J jJL>4t jrj^v jjJLt^ll 

•Pt- H 2 (latm) /2H* (lmol/L)(<>>« 5 Uaj 4 »VI J^»jJb 2 Luab 2 Jl j^jjJLj^l 2 b. l »>( rtir-iU >*>jj 




4^LjiJI 4 LUL1 zLl a -SJ I 





The electromotive series « >^LudJ A-o 3UL»iJ 


LLaJl JbLajV ( K ) AjuiLlHi * * .L^ti jjjjpJl ^Lui *1*1*1) jSUii 


2UJluJt JIJJLi*Yt ^>4^) 3Lum.U\j LJjUj LljJjJ jjfaJl *jl& Ci^l3j U lijj 

^L^l SLJLuJl (%^2M julSi <jj£i 2 ul*>j*J 1 Jj&*J ^Lu^JJLi LjjlcL^jj 

IkLuLift^ ck jjm U ilUIu Jam 3 t^Lk^l ^k 3Li> jvult ^Sij ILiiLiJl 

i ^LillJl 3 Lu H 3lL*JL* ^JLu^^SCJl 

3J >ax4 ^4 4^ 1 3ii*>il^tt <3k <4 § . 1 if ^4 1 ^Jlj 3lu}L< *• t<% ^^LuJt ~l 

J->» Ju UjlLc, 3 J|^yij . ui> t l^ji JL44SLU ut jJunl 1 

* joT T> 4 JISL 4 J.4i»j ^<A4f Jilj^ji o J^Laj 

^uju 3yLdLi>l? ^jLa4«Ji 4 I 1 4£ vaj A^jLfejj ^uSV 1 uij ^msLuJi ■ u 

^ %Z#t jJJlMJt Alufr Jjt jliJl J^So U JLuC ^i) I 4 J 5 JL*«SH*Jl 3 jj—oJ) 

Jjl J l^ji ^yla^.1 • (Fj) jlc cjLuJjk kU>£ 3 juS ^4 ^c, (2Lj^*aJuJl l$UL»> 

4jI£« jp^aJuc. j\ J^UXi ^ji JJ*jlS UjlIc Jjttj^u£lYt ^Ic j^Si Sjjul 

.3Uj ^$£ 1) ^ ^JL^i 

* iUl JuJbM ^k 1 ^Jl Jjm Jm ^ILnLill ^jk 3u. U 4 4 ^ ^iLWt •■► 

jk) ^juUi j— ijlXjJ' 5 jjui u^lj 4^1 jjJi ^jk julJi iij UiSj 

ji 3 Lu)L JiVl . jk) j-^LL*!) 1 jfcTi j jio laT lc (3Ujbu{ JiVl ji 2LJL juSVi 

.AJUS^ > (2u,l*u! 

>j 2Lu > f£lt 3LL»L« ^Ji j jJLa^Ji 3>i jaj j— »UJJt ^ x»> -J 

( jlc LaxXj ) 4 ^ . A 4b%Ji JJix4)l ^k J j > i * 4^ * 


. ^Lill Jujj* j jju*li i aL^b JL^sfcJ ^LuuXJLi 3 l*U&« 5u 5u jJLklt 


. wL>j>iS jA 4 > JUJfcjtJt JpC,Laj JJJj JCU 
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• ^i>jjJL^It uli^ji Jsm J M>Vl JxjH ilj . *4 Tail 2UJL*Jl 3Uo2)l u^lj UiSj 
3LL*L* j j ju^Ji uxi jJaj ^^Ul ^>i J^atli Oii ju^LLjJI Ul 

. 4LJbtut ^Ja j^jl^Ji JiLa>jI Jjm Jjfcj ji l^J J5 L%j Mi 3 Uj >*£)» 
3U)Im t>jlui| .*.i>jj j *a \ c j\ » AhA *? j^x!i ji LLk 3 jLIVi jjbuj 

Jli Ji Ji£.l 2 lJUa Jhc 3 jU Ml* J*-» jliJI 2uLi> J^liUi JlS Uli . 3u*>>*/i 

(E Jl j-l>Vi Jl ^jlj LiA . 

Zn 2 * + 2c* ► Zn“ ( Jl ^ 1 2uU<c) 

_ 0.76V *^**U^l J-jjj* jjiU^ti J||l 3Lu«JJ0 j£*» jlitJ * 1 rtt^iT ( E* ) Jl Vi j 
.aJLu*Si l‘» a J*4j /u ^ 4 iiUx* •> jLli j!) j^SLj a>Ii ijk^l jl^aSLaIi > ^ 


Zn° 


Zn 2 * + 2e" 


E" = + 0.76 V 


3JLu^Vl 4 Ijucj 4-4j^^5d I j I AIluuIllu ^a^Lcjtl I uujjj L^jI jSU^ 4jp3 w l^j 
Jj-c* ^A - *L<J LuaI I *Lloju J Ij LjJUlU^j j ^uv^Xl ^ j^>%U b LjJjLLj 4-ca/Luall 

AT 4 >1 tr*> J j JL>J I j 

. x^>» ,»! jl^L^U JJJjj ^U.L>> jV SUjj^Slt 4-ait jJi wjL^,>» jSUjj 

AxMkLyM 2UJLalt J 44 J JjSLj ^l.oaj Im l*A MS ji iuliaJi u !>>a*J 5 ju*S Vi J+>* ji Jl JJLi> Vi 

• Uili3U^>»3l4ii 

+ 0.34V - ^balll 2uL>. ^-Uili Ji^Ii* Vl a*»i 

- 0.34V - iul>> * kail 3 jl**SVi J|^ j 

- 0.76V • jiirtjUill 3yy* » itrtiT cr wL*-i)i Jl ^l*»Vt j^> Ul 
+ 0.76V ■ jj io jlill ^mUJI Sjl^SVi . 14 ^ 

ri 3>i - emf 3^|Mbll 3 lu j|pl 3 laji jJi 3 |3Wj 

2UL5a)l 

emf or E cell = 0.34 - (-0.76) = 1.1 V 
iSuiikJi ^Ldul i)jLnSSfi j ^ 0 ^ - emf 



4-4 LaJ I 4 -j^jHJLI 4 Lu^-iSJ I 





emf or E ce „ = 0.76 - (-034) = 1.1V 
SLtiiklt (pkitt Ji Vi f * 1..XV1 ■ emf 


emf or E „ = 0.76 + 0.34 = 1.1V 

cell 






iJjLI oL- 
>UJI* 

Jumi) 

Li 


K 

=,r^fSS- 

Na 

Vrrrri^ 

Mg 

A1 

Mn 

Zn 

Cr 

z^zzzzz^ 

ZfZZZZS* 

vrrrri? 

Cr 

vrrrri> 

Cr 2 * 

vrrrri> 

Fe 

Vrrrrs> 

Cd 

vrrrr^> 

Co 

zgzzzzz^ 

Ni 

z+zzzzz^ 

Pb 

ZfZZZZZ? 


H 2 yr--rr^- 
Sn 2 * 

Cu w 
40H w 
Ag w 

pl W 

Au z* 

2F~ w 



Li*+ e 
K + + e" 
Na++e 
Mg 2+ +2e 
Al 3+ +3e" 
Mn 2+ +2e 
Zn 2+ +2e 
Cr 3 *+3e 
Cr 2+ +2e‘ 
Cr 3+ + e" 
Fe 2+ +2e 
Cd 2+ +2e 
Co 2+ +2e" 
Ni 2+ +2e 
Pb 2 -*-^^ 
2H++2e 
Sn 4+ +2e 
Cu 2+ +2e 
2H 2 0+02+4e 
Ag++ t 
Pt 2+ +2e~ 
Au^+Se" 
F 2 + 2e 


JLaStlJI J>4» 

(cJ>) 


+ 3.045 
+ 2.924 
+ 2.711 
+ 2375 
+ 1.670 
+ 1.029 
+ 0.762 
+ 0.740 
+ 0.557 
+ 0.410 
+ 0.409 
+ 0.402 
+ 0.280 
+ 0.230 
+ 0.126 
Zero 

- 0.150 

- 0.340 

- 0.401 

- 0.800 
- 1.200 
- 1.420 
-2.87 




- 3.045 

- 2.924 

- 2.711 
-2375 
- 1.670 
- 1.029 

- 0.762 

- 0.740 

- 0.557 

- 0.410 

- 0.409 

- 0.402 

- 0.280 

- 0.230- 

- 0.126 
Zero 

+ 0.150 
+ 0.340 
+ 0.401 
+ 0.800 
+ 1.200 
+ 1.420 
+ 2.87 
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-< ^| <LbL> jjSJl 4-illaJl grULit j 3ujliiL»J> b 


t(jyi{ ^Lubj^SUl ^LaLLalt ^LuV %nj <Eit Ijljlj S-uLaJLj^I b^bjt ^uu23 

Secondary cells 2u>ib U!^ - 2 Primary cells 2lj jt 1 

J - 3 JUuSt uJbo 1*4 J ^13* ^4 *Lu^£Jl *L3lbJt gUJu ^ ^tA^j 

sga o 

Primary cells :3 lJjVi b^UJi 

*Lu bj^S 2L3 lb J ^ jJJll I JLLc, IgJbjM jSU^ <^31 ij <Lb Lc4^ 3jju& 3L£ LbJ t ^ ^tAM 

J*4jJl b^btJt ^4 t t JL^ jul^ - 3 JUu£t J^bu Jib* ^4 dU3j 

3 Ll l 3* 4 rttrVl LjijJ-jt 4 4 fAn ji i lutr^tt 3^b ^.U^IlloJ b Jli^ 
(jJajJtl 1 ^L>t.LU 3^L^1 (J-l^uLott 4 J- 4 I 4 JJ <Jj ( t J s 1 jj LJU^) J ^ULj V 3LJjVt L^13fcJlj 

(J&uaj ^jbtbj - 2Lu^l5b3t b^b* L^jb j^T *LlIu 3 V t SJbJI L^jbjSb 3^bt 

CcSj*^ . AAjLo/ Cl4o-Jj 2tfab* 3jjj^ Ul 9^3 Jjt JLsV 3 J^jvV t <^a ba^a>*j 1^4 J J l^ u jjj \ 

Jjbi 3 jlX OjD t jl^jv ja»Ti 2&bjt 3 ^ 2l03J< j - Dry Batteries a^bjt ibbjtb^Jt ^b 

>jJbai f*L>o*i l^fc-4-baJ ^LulSUj ^3bfi>Vb l^LuLtaJ 4 Lb I 
: 2bJ jV I b^b^JU ^Jb b-b ^3j-su 



4_4 LaJ I 4 ^jLxJLI I 



: Mercury cell (?) 

A jl* Llu jJLuaJ jul+jl * ij * L x-u k j t ^La-o/l JSLuj ? a JlA 

3-* l-JLoII 4 (j^Suui ♦^jjj) rrVit Ij uWlj cjL^LuxI? ^ V t ljL^Lo-u/ ^23 ^tJL^wLoiVt 

CcJ l£ dLUaS JjduA 1^43 j* Jj^uajj JLUjjSI ^A LX> ^Xt J 

( t - t ) (J5L£ ^15I^U ^UiUta 


<*>» 


/ 


j> 

^* >■-*>* 

*> 



/ 


^ l 1 j±[^J\ ^JlSJ t j 


Zn + HgO 

(S) * - 


ijy^i 1 

► ZdO + Hs 

(S) (S) (/) 

J 


J^rLjJJ j ^Ltl^ ( t - t ) ^JSLm 

Jbu ^UjLLa-Jt 4JI& 3 * t i-OOj £ ^ = 1.35V %-Oj^S ^LA^\ aJLA J 

* *LaLa 3.3 La L^j? <LLai j*t JL^IuaV t 

Fuel cell (u) 

4 Znu l a 1 t 3>^*^ U3^. ^ o? 4j-a 

3 jtj^ j ^ 3 0 -^* ^ ^ -cU^ 3 ^ g^jj 



2H,+ <Y 


(g) 


- (g) 


► 2H,() + Energy 

2 ( V ) 6J 

Co3 J^UlU? t JLfe ^ 3* ^ LqJbdl jS^J JL3j 
< L d 3o i^jju La ^ 1^-4^ ^ £> 31 ? ^Lj l£jj2& 

CjL&jj* LaJLj LaLaH&t ^j-agjJJt ? Jl& JL>o 

jri^jj (jA iSj[Jd\ Ijj&jSI 31 ^— L ^ > ' r 1 

4 m ^jjl j) mtt 35LLal ^23 j^Jl^wL loX? 3>^uS^ f 

♦ jl^ ^jl^LuJL? 

<3^ Lq^JLa <J£ tjrulaS 3* 2UJG* <-. SjJ3j 

Jjl>iit j JLh 3 jA^t 3 jj Jt VIj jta-uG i^aLudt U - 4 (J&xaa U 3 jj>wa ^ Lcj 

.^yjU? fj^u^/Uj^Ji JllluS jjJuA 3jJL>w 4 LJL£ l^J J jjv ? C ^LJ jjUSJ'V ? 




I : ijLJI 


■< 




3 JLtu^ V t j£,Lflj 


2EL +40H' _ 

2(g) (aq) 


O, + 2H O + 4e' 

2(9) 2 (V) 


2H, + (X 


- 4H O +4e 


(V) 


E° = 0.83V 
(oxidation) 


h. 40H 


E° = 0.4V 
(aq) (reduction) 

^ £11 iult j 


-► 2H O 

2 (v) 


E _ = 1.23V 

cell 


2(g) 2(g) 

jJluaa (jj* ijSjSl j ^ jJJ L^jV dJd£jLLu3 V 4Ld3*j 

1.23V = E^ ^Luj^£ *1*3 3 *Ld3tJl aJIA ^t^nl j 

* \ 3 j l^| i L^.ui gj LJ t g. U I 2LJ le, 3jt *Ld3* j 

♦ £. I tAlrtt I J I JO^ C-)j^UjlU 4 Lc4^ AjlA 

j*+juujX\ Lfc-itJUt itUVIj 4 jV *L3lldlt jjo3d V .ajjajJt Lj^/Ld*3 LjLjjlt^ <tt (JmSLxIJ 

jJLll 3 j.4ILojl4 SJIjJj ^ jjBjILj 


• ^Secondary cells 

*LUj^£J \ *L3lIdJt J)JGdO J i^Lcu/L£*jt LJ^LC-lilJ 4-tJLL4 ^ 5J< L^J 4 jU juL^jLj A-tJUsJLv Lj^i^ 

3 J L^| tjSLqjj - j* jJJl t k-Llc SJa Us ^1 1 l£>^* f 3j*a ^11 1 j 2 Lu 2Ga lid *G_uk 

^jJsjJU <J& JJ*U j (jjS^ dL>Ot 4 ^ tW5 jJUd^ 4 j-4 4 ^Jj^S jLu jtj^U I^Oilu 

: *Lj£jQlt Lj^AdfcJt 4J-4 4jjJ^3j^J 4^b U-t3 

Lead - Acid battery 3 lu^»L>Ji ^u* yi 2UjUaj -i 

dlldl) LjtjLualt 4 ^ 2l4dldt2uu£t LJ Ljj U d-J t £^£jf <— UoJt g-<Ludt J cjUjlldjdt <j*4 I JIA j-ljlaJ 

tj£ guJuj Lj^ld* 2CLm 4 J -4 LJL£ ^-Jjlld-Jt *> JLk (jjSui3 j - (3jLualt 2Ujlla-cJ 

jli^ 43 SUjj emf =2x6 = 12V ^jlla-dl ^uj^Si\ 3^aii 4 j^S 3 j E cdl = 2V 2 Ld^ 

♦ ^LLlj 4^1^ ^ GbjlldJ ^-4 4 ^3 ^L>»ldfc}t 

(Pb) 4 ^>iJuLa^i 4 b )^L^^j 3^>U-a 4 B ^L^jdt 4^4 A5Ll^> 4 j^ 3 j ((^^3Vt)) < budtl jj5j d Jijlld di 

JlujjSI ^313 4J-4 dJ Lc>idJ 3^^JUja 4^ A51 lu> 3 jLl^ ( ^ ^ 3 151T t ) dd-t^lt jjSjj (l-t) (JSLut 



j 2UjL^ ^jiiutfaJ t g ^tjJVt jj lao3 J - (PbO , ) t 

jt l-lL^it J^LL^U <j-4 £, L^J ^3^ «<J^J^4 CcJjj^S^iS ‘ JJLU-Sj.^ZJ t 

I^Lul&j g . Lot ^LuLiilLv *LiL >^ 4ojLLa_Jt J 4 JU j j3LLj V ^ilxlt j ^LcLu/^LJt 

♦ *LLLJ jjUSLJ t *LdJ* j uL a LI a l^-L>«.u< 3.a Lc-t JLLc, Lat c£l^A^La/tj ( I^Jljjoj ) 


A ii) 

H 2 SO^ , 


^jb>if <ii> 



(n-O JSL£ 


- ^(Discharge) J^liu »^ >- 


ji t AjijtlaJ ( 1 - t ) JSom 


joL-o^l j-o 




U»jL£) 

j^LdpI j*4 jXum 

PbO?^ f $JLs 


^LjjINttt J-JLuO k-Llc ^LJLttt LJ^i^litlllt cjJL>U 
.(jjLaait) Jjjvt J^Uj -t 

Pb + S0 2 ► PbSO. + 2e E°=0.36V 

(S) 4 (aq) 4(S) 

: (dao^lt) ^£-)i£ft iu -<0 

PbO, + 4H + S0 2 + 2e ► PbSCK + 2H,Q„ E°= 1.69V 

2(S) (aq) 4 (aq) 4(s) 2 (f) 

: ^JlS^t <J^liuJt ^l^Lst 4 £jS3 QjJuSl J LLcj ^LuUlLv ^ L d ^iS LLfc <Ld^ t j 


Pb +PbO, + 4H 

(S) 2 (S) 


+ 2SO. 

(aq> 4 


2 - 


dicharge 


(aq) 


2PbSO. + 2H Ol 

4(S) 2T/) 


E = 2.05V 

cell 


3u jlLuit j ‘ iLo >f£lt SSI alt 3 >2Ji v,,Ai^>>t t ujjjj 


1 ^ LtA4 ) jjljla >jj t ^la^t I jj t JjJl>fc4 ildLlS ^ja/LoJ ^UjUajJt u&jjuXS 

1 .28 : 1 .3g/ Clll Luo 1^-0 ^ ^ i jj5j AJL 4 l£ Aj^L^cI t <jj5o U JL p » j ((Jjt^oJl 



I I : I I 


3 j U jj 3 jLaI ^1| <LjjUajJI <L>- L>. ^Juu I j^3 1.2g/ CHI 3 <j<* Jjal Cdja I3|j 


(Charging) .J^Laj ( y)^- 


<Lc4^ 3.sbJJ ^ L>fccu viLybj_t£)l j-iSjJ i 2bjUajJt LqjLLm t 3JU <J j2a i£A&? 

.(II) ^L^jtLi^j^s^icPb) (Pb0 2 ) jt>4 j>>oduas *m 

fjj>t.uJ I 3^L^1 | A-jjl lajJl Lc^j - t^JLa ^cjLJ t jLtHll (j^2j ^ [ iS-^3-^ L*4 

^4 gaJu ^jJS {ja ^LJLs j^£l Al j^ILuXt jLclU A-jjUajJl ^olaS ^113 

(JIjaj ^LL>lAI I £jjJu c Lot cjJl>» <^jUaJQlt J^liull (juSLe. J^Ulj cj j JL>* ^ t U^ AjfjlXajJl 

JLu: JLoaSl j (.a^jVl ) J bt^Xt JLbC, (II) 1 JLk 

. A_jlc, 4 jiS 1-4 S ju£j3 JLuu L*£ (^j3iS^t) tlajL^Xt 

2 ..bso 1sT 1 %. * i-bOta * vn$f 4 H (lq) 

( oii^il JlXCr) I. U/^ll Julc, ) 

4^t JL>*f 1 ^-tS ilu^ /A_cLJ jjHSU { 2 L d »£ ?. Lot ^UjLLa-Jt J^jlj ij 

JSL^ ^ ja-^t <>4 S^j^t aStlaJt 6d>^ jLo JJ>4 

SjLcojJI ljUjII^j l^jt a t ji t » Aj^jHh £ij-£Le t ^A)jJ - ^LoLi*^ ZLSlla 

.JjL V _£f A-jj IL^JT 1 3^L^| 5 ^4 LLjjlI J 

Lithium ion battery 2ujUaj ^ 

t ^Jl&%xmj3j £y>Jui\ 3^L^V AJb Uil f LjLjjUajJt ^4 ^LjjUaJ ^jjljU 

^J3o i^JjJ^j L^Jjj 4 y^Lu^jJt ^UjlN (t (JaJljS JL^Jt bjtjLixaAt ^jAinl 

14 ^ v jr^Ud/Ljt Ig-LA Sj3 ^ f^JJuAiS f> J ^% J UJj\ Jl & J ^Ludjulij ^4 3j-4-i£ LjLc 4 ^ 

(- 3.04V) ^j^Vt LjtJJitAt ^LJ ^LjloiJJ L> jJLt^V t j c^jjjl 4 JJl^ AjI 

tijy&j A-jjLLajiJLA ^JbtXi 

. (LiCo0 2 ) oJiAjS f>£juu\s\ juumSs <ja (jjSuujj 

• (LiC 6 ) Cci^ijjv ^j-4 4 jjSZuj ( A^jVt ) ^ - Y 

4 j^ c-c^^Xt ^ jjUSlAV t J- 4 JtJ ^LcLu/^LJt ^j - 4 tJL^ AAj^j <ja (JjSLa j£> j J JLjJI -V 



A-^LslI I AjjjLULI zLl a -SJ t 



3k>(k 

. ^mj3 UJLu .c-JLoJt 

. (LiPF 6 ) f^-cLdJt ljUlu/^ jjjAiS JLui £y* <^jU V CcJ ^3^01 1 JpGajJl j^Ju ij 



(u V - 1 JSLtu ) t 4jig^ (l V - i ^JSLuj) QjJufl 4jjg^ 

^ ^-cLcl lt 2Ujilaj (V - t ^jSLui ) 


LiC 


6(s) 


Co0 7 , . + Li + , + e' 

2 (s) (aq) 


^UjLLajJt J-uL^gj h-Llc 2LJQJI cjJL>o 

LiCoO, , . 

2 (s) 


-► C... + Li + . . + e 

6 (s) (aq) 


: ^)£3S 

Discharge 

LiC + CoO t — C,.. +LiCoO... 

6( S) 2(s) < charge 6(s) 2(s) 

E ( (1 = 3V <LUj^£ Ajt^t ^ 3 <LdL^ t j 



£'\u l qulSJ\ : ijLJI 


j 4»uJbtXt JjUu-Ut jj)fri \1 <^Jt 2bolS ^ 4j^b iXt <J£Lj l-clloIu 

4jiS L1& <j-4j LjjJLui 4Jla ^Lut ^Jj <^Jtj^o <J£Llll n jujl^Jt jjLbj i^JU Ajjujl>J) 

JjtAJ btJJiltf ^Lj^S JStj ^jtgr ^£t bjJt J J 4 l^-llc i—dJul\ 4 J jl^fc 4 j Sj^liift 4 Jl£J 

J.l^tb tt^J>lt,t 

: jJSlul I 2 LjSLu 15 Lc 4 

t JLv Lu2J tit j^toJ tdL^J V JUJL^J t - Lulus 4-uaJJ t LjtJJblt Jib jj5j LjVb^t jbaJL4 <^3 

4-tU.4^i4 J)t ^t JSdt A -cb^ J&jLUj3 A 4_4jt^b Lb t ^ jLL>0 4-^LLusJ 1 bit fllaXA J 

jS ^ J dili lI^s < t i j tJLA ^UmW t J»Lil t <JSb 3 jbj 4»iuoJ UaLtuJ^&t j«3* t jJUtf IbLtuJ *J-3t Jid 

Ut J^LUt JJL3J t lA^jt ojSLj ^LuliLLv b^L£* oj£* 3r*J^ l>^ bt JJLiJ t JSC Jjt ^Lcub <jt 

♦4 itr^itt JS13 llu< t ji&j i—ut jb 3j^us ^ jjv jit jt Us Liu <JjaV t JJiJt 

:^Jb Lb 4 iltr^tt J JUJL^t JSIj 4 ^SLo 15 Ll 4 ^ j mrtl jSUjJ 



<_<JL^ltj JUJL^Jt t Jtus bSLuLSLta ( A - 1 ) <J5 Llu 

^jAin l 4a£ 4-jt JLtt 4 Ut £4 4-ulilLv *Ll L >» Jj5j J^xSSi j t <j)3 mitt JuJl>* 4ntV5 ^j-sjUtJ U-LC 

buLJ JUbLUt . JUJL^Jt 4nW3> ^jj^t (jjSLij <^ILJ j^HSLJVt J^A^it jjJU ^Jjt j LjU^jV t 

2Fe ► 2Fe 2 \ , + 4e 

(s) (aq) 

^Jt JUJLsJt 4ntV5 4^bj L ^yt <J2uu3j t <JjJb*Xt <j*4 Fg 2+ blj^ut ^r j trVj 

L>-4 JS jjJU JUJL^t 4jt ^t JUJL^J t jl t 4—ut jb 4JHb t ij ^^3lS^t 

. L^tJ t 3 jLs t jJ t j 





JLluaS I ^ 1 | 4 , t 3 ^! I &\£>*ju&S J Sjjl£»S ± 1 S 11 t jLul |^ILj 

.40H 


2H 2 0 ( „ 


+ °» +4e ' 


(aq) 


II JUJL^t Jlum£jjJll& AjjSL* OH' JluuSjjJu^II £4 (Fg 2+ ) Ljljj-ji JL>iIu 

*• Fe(OH) 


2Fe 2+ , , + 4()H - 

(aq) (aq) 


7 2(s) 


III JbJbJI JLluaS jjJUA 4 Ul ^ I Jll I (jfr>fciaSV I Al&u/I 3 J II JbJbJI JLuoS^j JUA JlluS Lu 


2Fe(OH) 2(s) + □ 0 2(g) + H 2 0 (/) 2Fe(OH) 3(s) 

JUJL^t J£Lj A-dSJt SJdbilt gUJu ^tdjLuJt tjV^biXt 

2Fe (s) +3H 2 0 (/) ++0 2(g) - 2Fe(OH) 3(s) 

tit t JUalt t ^4 3 ^ j JL>wa <ZjLl*£ 4. lit <jV % <\jtg^ t JL^lt 3 

.jL>wJl 4L4 L*£ t <j-* j^£t tjLcgS 4 Ut <331^1 

: GlJAill JSLj Jj <>l ^sJl 


: jrJ- 4 -ta^ <^lt LjtJJillt <J£tj <^lt fcLLuZ3 <jSL + J 

Ja-od t J^JbLL) ^J- 4 l^-^ -t ^ lUiiu 3 JU 1 I U ( jJbiH 4 1 )^ 3 ^ - ^ 

t^LuxIij J jLUIj J^LLu (>) 

lLIjLlu/ 3jjj< 3 ^^3 (j^Sj U LJLt ^<s 2L9 i inti JjlJJiilt j : ^ I j L l u JI j* JL& -I 

^4 V J JLC LtLu j C-c^jUlt *LtajL>JL4 SjJj^s ^ dlj LcaJ t &lx& ^j-4J 

. LL^LtoJ J^SSft J-Ldlt JSIj L-ULtaJ ^LuLL^frtt 

^j -4 j^c 4 Luil 4 j* t JL^wctu t 3 ! 1 ^ r An j 1 ujtJJLil t £-d»t 3-4 jLL^ : r<^in -CJ LjtJAIlJt JLajI -LJ 

^j^l4^Aj JLut£ it*» **W< JJLiil t JSIj l-clloJ ^Loll^j, 4 ^LuliiLv <^lt dll 3 < 3 ^ 3 ^ t tfH>>4 JJl^ 

.V 3 I JSCj ^l^wilt 3 JuJl>s)\ ^^3 4^3 V 3 ] ^3-tl43lVt ^L>«JJt 3 

j3j3 t 2L^vjL3fclt ^3-4^ 3jJt ^4 ^5i4V 1 3 3 gUt 3 -c I jfcJ J ^Jtll "t 

. ^ui 

: I JL^Jl ^4 JLj bl ^J t AjI^J 

\1 >^aVI ^jLg^-r ljLu^Lo/5 ^j- 4 ^a3^Vlj3 SJu^iS {jA l^LjLg ^ 3 LjtJJillt JbtJ 

ertUlt 



£'\u l qulSJ\ : 


<Aj AfJjJ 3 ^Uj A~jbi~ i 1 1 \ rr^t t ^4 JUJL^t AjL*^* J^jjb (jZin i <^b L*-4£ j 

: U-fc J i£^** b dll ^4JJ 

^JLtt Alba AAjjb iojl^LuSt ji tjM-ajjl \ jt CuJJIS A^jubath ^t^ib ^^AbJl O ) 


jru-^jbfcJt /^>t< ^jujL^Jb (<— <JL^}f AJLAb* ) AAL*^ c^j^>o A**j LHt lj [JJLAJ b A .t^ Vlt | ( Y ) 

A^L£ ^ jJt 1 ^ Ac,Llus> j^JL^fabaXt 4 AL^I AjL3 ^ ^ JL^wLujlJ bt£ 

/A-uJbdt ljV l-cL^ A^LL^ <^a ^Jl^Cum1\ jujl>JI 
: f tt^4f<) ^jU^I - t 

A-t b » ( JbJbJI JJla) ^LdVl jJbft £^4 (jjjLa^I JJm) Lb Lib J^l jJL^I 

JUJL>Jt <JS£LJa lbUaJ Jj3 V I JAAJ I JL^aAI t j ^jjVI >hmW t JAiAt JUJL>Jt OJ^L} Ab LALv 

. JUJbj! JLlc j^JL^b^^tbXi JUJL*JI tJLuaJ IdA - 

* (^^jVj - v 

<jf lu> ( JLaJL^} t AJLAb* ) (jrU^ajbtJ b I ^ Mb JA 4 LbLaA Ala JJLAj JJbl t A-ibA J ^5 

1^2 jrU^jbfcJt OjSLs AbLALv A_A_>- Luu 3 UjLatS A_Uj^SAt ^ t Altala/ t 

/ 

<jl bep* ^bjb bAj t JL& jzjJlllulIj ( JSLUi (Jb JuJl^J \ t JLlj < 3 ? Jba J^LSUb V jt JSCb Ajb ^jjVI 

* A>bu £^4 IjLu JbJbJI 

AjjLA t Ajj^JLtt JLiJ bfc^t^-Lu/f AJJAS j ^JUl ^ Ub JLuajV J Lbb j^Sj mtt <J£bA 4jV tjbjj 

jA£t J^T JJLAj L^JLu^jAj jj l^Jbt^ ^b L^bl^J j Aubj^ jjSj L^jL^ i A-cbjJt 


jfrjfcublc Ut ^>SLAj JUJL^Jt ^4 IbL luj 
iJuJi^Ji <jj* V Ju ^ 3 -cujlIA U t JStb^ tJjjlS 
+ ^y>U*aX\ wibAlb Ul t Al 


a 


Aj-JI y bi^a 


s 






/ 


^>kbXt L-ibA! I ( ^ - 1 ) ^JSlA 




-< ^ Electrolytic cells SuluJ j jjSJV » U ^AjuJl » LuQT^ . 

J^Llj cj! JL>*y jJlu;x4 4 j- 4 ^b^LLall 1^*3 ^Jl>Cllu3 2Luj^£ Lj^L 3* ^LcLJ jjUSllV I Lj^LaJI 

J jl>wa ( \ * - 1 ) J5LaJLj jrj-^diS $, Ij| 3jLlc, .cj j JL^Jt ^t Hijj£ - 3 JUu£t 

t JL>> V jj^.faa.4 ji <ji>U^Vt jt JULtjJaJt jt t JL>*Y V jJL^a 

\ cP- 4 ) ^L^£l^fc4 3^U ^j-4 L^JLa JS ji ( jrb^/LJ \ j\ t cP- 4 ) 3Jl>*lj 3^U <j«# <jLda^ Aj 

^ ^ ^LjjllajLAi L-4Jv^Xt b ^jUSU ju*i ji t - jrbiLJl - 

< UJLu ^jjVI JlI^, Oxidation 3 JUu£t cj^X^Uu jqdj dJLlcj *Lb>«.taJ t c-ijv ^4 udaS 
^jbisdt jlIc Reduction G^Uj ^ *jl^j ajjiuat _dUJt uda^nj 

Lj^Lu^Xt * ftHWi b^Aa^l jJlA (Jb Cj^L^j^S ^JL^Loxj ljLLJ jjUSdV t <jt jJLj 

J-JL>fc4 J^dLj JjVt gjJXl - AbLuJl iljLLJj^SdVt ^4 dJLufcj - ( lj t JJliil t ) ^uj^SdVi 

*£^UV t j^-uaa j £^taV tj cjbjJLdt j 

2 L jA a b l ^^tulSbbV I 2Ld3t)1 gJaf^Xf JL^>J t Oj^Ls uu>j Jti^j 

\ ^a <L< uv^Xi ljIj^V I Aab3 Lc^j ^LuLJjjIIS^ V I Ad^Jt jLu 

(JlJ^ab) Ljljjj^Sdf l^jLoH^b J^bLiJ J i-dLudf L-daliXl j^b jruda3X t JW cP^>t^ 

i^ILb>fc^i ^JjbCu j c-da^ll ^>b j^SdVt J^Jbdt ^4 ^-JLadt ljIj^-jV t Aj>iIIj l^JLu 

♦ (BJUoSi ) cjijjj^Sdl XAdJ 

(CuC/ 2 ) <ja/L>«JLh JljjjSS JjJL>w4 ^ SjLlc- **LA>s}\ &Jl& ^ JjJL>dt olS t3ld 

< 3-cLJ jjIlSdVt cjJL u&jmj iLJblt - 3JU aSSfl 

lx> ^X t C-xbbXt J (^JjVt) I \nrr^t,t 3 JLfcoSt -I 

2C/; , Ji==fL CA + 2e' -136V = E 

(aq) 2 ( g) 


Cu 2+ (aq) + 2e 


C-JLadt L da-c^tt -<-> 

J'^- 1 _ + 0J4V E* 




s) 


.^jblSdlj ^jjVt ^4j>fc4 2L jJbJt ^ cj^LaJt OJ^J 

J .s . ^ . .xl ^ 




c "'„t CA 


Jl^l 


i 


-(g) 



£'\u l qulSJ\ : i-jLJI 



*2L d^Jt I j S JLxaSV t ^gJL^v = 4_d^Jl JL^v j 

emf = -1.36 + 0.34 = - 1.02V 

olS LuLaG V 2 bJbJt ^ ^^Isu U* SbJbJt ^LJLoJl 3 jL£Vl j 

*^vjL3^ jJL^4 <j-* j*Luj^£ iLalb JL>iILuIj A-uLJjjUSH { 4 _*G» ^^a ^b 4 JL£Jj iLulizJLv <LLL>* ^^a 
jjJlSUt JLcbaJ J^b) tbb^Sb jj *^a l^a jqj t 4-LbjiJ t j JLA <Jjl4 

Electrolysis J-d>JJb t-cu* jJ j 

* 4j t jLbll JJ.J'A tj^Ld jj^SUV I JjJb^fc^Jll ^ L^SU I <JJb*2U j : ^jj^S3 1 Jbb**31 t 

JobLLU^jU ) >- 

Uj J-Jl>fc4 t jLctft jjj*4 3j^U3 jSUj 4jt ^loulJ (J-llu Lo-4 

Lr^J ^U^taj 4_t^LL^ 3^_uS 4bUb-daJ <^3a jJLfc ljIj^jI bu <j«# L^jcib 

^b t c bj^SU’ t *Lc 4 ^ (jf^J b cGLecbub b t j La f^Jbdl j*La Jba <.lj I 4 Ji^J ^uLu/t 

jrujjLa ^a SJa^btf I a jl^ iC-jLbaV t jl!^ l ^b 3^Ut ^LcqS jruj J >l>w4 <^a 

♦ A^juj jj Li.4^ 

(tjw jUJ J jVl JjiliJi) 

£4 b^jia Llo/Lu 4-<lLuj jt 2 bjL£ CuiS ^ ^£t 4.1c 4&L^ILu£t Jt ^b^Sbit 3 .a lit A-C 4 S c-l^Llaj 

j^^ait jt J^i>itt <^a>G *b>g£ft ^b-4^ 

uLul> j (J^JbtXf ij-^usj J& jLbJ I ^j-4 4 rtH>»4 Cjlj4^ ^Jij-4^b : a I^L^J I 

4 bj^sm Ljlj 4 ^ C-Ltbb C-Loblt d JL^ AJj 1^4J ^ ij^jV t ^4 Aj^Sl^lS jl ^ LSH t Ajj^SbXt ^ t jil ^LtgJ 

* La» |AJ ^^111 1 



4-4Lsl1 I 4 LUL1 zLl a -SJ t 





% \ tr \~ 4 ljQ-J 3 JL^ ^ Lcg^ ^yjJu jjj^J 2l5Ll^LuXt jS ^JsJUj > iXt ljLc 4^ 

* ^Q^lSLIi t^HJQS ^4 c-cu/LOj ^ t t 

: 2LJ G1 1 4_3MjJLs Lu-^Ljj ^Qlt jjji^l j^lsuj 

jjV<^rrtunaa>tsa< ar&it sues 


o«< 


assist! ajosai _ ajas 

► t j cJj- 4 ^AmuSt jt i ^Ic, SjJL^t 1^1 3^Ut L^jLj <Q3L£Xl ^JlSJ I JSj^u j 

^L l q-SJS <J^1 iult ^ Lot 

iLjjJLh 2tl £53 1 


tnUtl 4Z1 Lc>fcu> ^JLfir 


^U4t 20^1531 2l£S3t 


4-L4^ (J4loj j Ij»4 Lj 01 1 <L>u^ jbuL3* t jSU^j : ^ I ^ I j Lll ^jLilt ^j^jL ^ ll ^j^u2J>0 

O ^ - 1 ) <jSL£f JujfASj ^LJxaJ I Ljtjluj (II) JjLujulS : J-JL>fc4 S^j^j>w4 ^ 



j*^_cc4£l V I j % rArttt j b^L3fc)t 4^ Jj3l53t h-Llc ^f>U SJ££ <jt JL>*_c3 

A1 2 As 2 Cu 

^ *107 88 *3175 ^ - > tu - V <■£* iP&f > y t-u«l^g 

c*>b (^3 I* i.L>fccml t ( ^-UL4 V b ) jLcill 3Jlui LJjjja ^baL^ t£$b*»J SjUl (^^J^SULj) c bj^STJt 4 j ) 

.( <U^l^ f4j *_£ jjt ( «Uj bJ L> ) 

(Second) <>j * (Ampere) jL£Jt s^ui = (Coulomb) *b>«s3t 2u*£ 

[1C = 1A. x Is] 



I I : I I 


*^t.atjUN 

1.118mg (— ,n-i-i 2 l b£ J jJL>w« (_ya 1C jl^i j lAji jl^ 4 «. bj^£Jt j'j- 4 ! jlJ 

.(0.001118g) 2L2*flJl ZyA 


A %t t C Ljj^SLIt A -> J t ^-4 1_3 1C 


AgNo J& 


0.001118g i_cu< >b 


lx 107.88 


107.88 


2b£ 15*120231 


1 = 


0.001118 


= 96500 C 


Laj! 96500 C ‘ -Olalb Ajuajsi I Ajtjt jt Luup (ji 1 *lt\ A ^uau-ij 

la 7 lc. 4 LLi j->.) (_^V iLtat 2 txi>lS*t 2LOSU' ( 2bl3l j\ ljul ujjJJ 2b^ila£l jLtLIt A.l»S (juJij 

i^j Jtjlfl Jl>- I j jljLill 3 JL>-j 2Li4S*l 4 JL& JjJliai JL3j JljLil ^jbll 

.u^3 96500 C 
fUJt 

jl (jljji <^J1 l£*]h* <3P* £^0 (J ^^(96500 C) (IF) jtjla Jb»1j jji>* 11 

i »lt~. aV t j^j ,)'(<• SjUI ^4 A-ta I js>* A^lSLa <Atll£ <_cuajJ ji JlaLa} 

ulbtu J Jla <Lyjt 2Cc3lS*l 202* I i—ijAta i^jLuJ 3 J Ul b - 4 2Luj1j^>sJI 3j All Cul£ Uj 

<^t JtjLaJI ljjja» J^L>. 3 jU( Jy> g/dtoniuuupl Aaj^UI JtjLaJl <Z>l<Jb» j Jjld jJ 

JaU2i ^ a ,x*u ^ g/atom 2uj}*i *bj^s*i 2b*s <jte dttOJ (Z) j^jVi 20^^ 

(lF)(^jLub Ag (aq ) + e *■ Ag (s) 

4 Lb ^bbJI g/dtom u^up} 2t«j^U( I jb2l 2U«^J 

(2F)^ Cu + )aq) + 2e‘ ► Cu° (s) 

: I^jLo^ Ajlo / j^Ut 3^Ut 4X& ^jUs U J n 

= ^Lua^IUI 3^ Ut 

t 3 jUJJ <Ual£Xt AjQSIT t x (s) ^ 4 jJt x (A) jLcUl 3JL lu 


96500 






O) JU* 

ajjjJS <>» 4»U Jj±>k» ^ *L»>g£Jt £y» 10000 C b- 4 SXiS U 

t (JJ& <.lt->«V t JbLfc (bjb«j thrift b£Jt b L) 1 «\f (III) 


A«% 


Au 


(S) 


2 Cl 


(aq) 


cu +2*- 

(g) 


=cW' 


65.6631g = 196.98 
35.45g = 3545 = au^tacgn 

<— <A Jl U «LiSl££l «Lb£JI x C jLcJI 2 Li«S 

96500 C 


=<— <A Jl U <bi3l£ll «Lb£JI 
2d^Jt 

= (— I — lA jjt «Lb£ a 


65.66 x 10000 
96500 


= 6.8g 


3 67 2 = 35.66 x 10000 jLcL^at j^i ajGSb^ jaxbj 

8 96500 * 

*(t) jil# 


(III) JUjjJl 5 J jl>w4 ^4 <j*4 5.6g JjJlOA 2L Uj^SCJl U 

: ^ 15U t 4jlj UJL^ 


18.56 g 


(Fe = 55.86) Fe 3+ (aq) + 3e- ,Fe° (s) 

cWi 


55.86 

3 


itjjjdt <Q ii£ll 3 L d S^t 

" 3 - jk lot 


= 2L^iat 2LbS3t 

t <jl i^U j tr ist4_j 


29116.5 C 


96500x 5.6 
18.62 


96500 C (41 18.56g uuoyj 

(x) C (41 (*^ 5.6(-t;u.j3 <jij 

96500x 3u^4«n s.am axis = au«£ 

iLu^j^lXt 4 JL 4 JH *Lx 3L£II 4JQSU t 





l:' / ^J-e l ^tl U t ^yl^ Ljl 2 j ^** ^ 

><^ Electroplating »Ljj^Hj glMlalt - \ V 


jt LmVj ^Lut^v i j /iMU^v Jj<s ^t->,,. ^ic. jjjJLO Jiis .l-> ^jS3 «LlL»^ Ib7 ^ 

4JLdaJ Luj^S ^^LLaJ ^ JL^aJ f <j-4 ^ ^ J * ^aX i ljIjLlojJI ' C^ 5\ja Ju>* j J& J ^JSUUt ^4 A^LjL^J 

(Jjla 4 jl>i dJltJiSj ^4 Ig lbU ^J t ^ j(j LJ L^jw ^A5L£ JL^ UU ^j^SdS ^a 

I 4 t (J^4 J t 4H "«J 4^Jll JiS 4 4 4h*\t I ^ t ^ L) Ljj^£ j LJ t * I 

♦ 4 rArttt ji L-L&jA\ j\ j* JjSJ[^ JLsU 4 Jj^ljitt Ij LjtJJiJt ^jAin l ^-4-4^9 

^jjxaJu 1-4 Uj (Jjlj-jVl gLajJJ < tfjtVil V jt ^4J AjLS 4 4 /AMt ^j-4 4rt <El 1 ^\jLA ijJL^t 

J j)4^ LiaJt JjJL>*Xt ( ^H4 4 rAirttt cjtjlu) 4 rAirttt Cj\jja\ <^ILJ jjUSJ’t <JjA^w4 

J^ajA j lEi 4^4 dtfjU £c_LaaJj 4 2LjjlEi <t <— JLuJt 4it^rttij 4 4 rAirttt JJLii <j*4 

O Y - £ ) ^JSLuJIj guJ^jA jA La£ i (IijjI ) IJju^a dJiSZx j ^c-u^jj 4 ^ <■ WAti^ j j 



Cryollite (Na 3 A/F 6 ) ( A/ 2 0 3 ) Cu^S^Ji f ti*<>4 Luj^s^^u^Vi 

2045C 4 ^J| 950C ^ (CaF 2 ) ^ j_Jj 2 43 ^ 

i ^J-jJt4jlVt 4j-4 JS Gt JUjjJl^ £^i4t ^j-4 cLajJl^w4 |> t U 42<-J JAj£ 3\ <j^, qJ*\jUJMA \jL}Ji&+J 



Aja LjiJI 4 ^jLULI zLl a -SJ t 



J J^L^XJ Sj^JUAA CcUaS J-J i £4 JdjJL^lXt t Jl& ^jht j ^J^U4lJlS3l J 

J^a£ ^.loj jj)^mt,t AiititS j *CuJ j-*jSJ\ •* AjjLa 4 AHiiQ£ 

I A -i U - ^Lj 3 Lco/tj OjSL* ij j^j^jXS 

♦ 2UJL5Nludt t t A-A3*) IjEijEiWl L^o/j cP^ ( > r - t ) <J5LoJ t j 



nr-t> jSi 


Ciua£ 3_dl I>^S^ t I 2 lJ L>* 

^4 Art i j JUJL^t ^4 ^jJLaatt 2UJL£fc}t ^Uf i (jjSLi A_d3fc}t jJl& j 

(CcJatj^v) ^j -4 ljIjI 3 jLlc. (^jjVt ) tjjSLj L 4 JL 4 J (CctStj^v) ^jj^jS 3\ 

t J j S JluS\ <J^L2lj Ajl>^ ^ <t^4 jjjj t j LcU t JlL&j 


2A/ 3+ +6e~ JIhH 2A/ 


30 2 + 6e 


(/) 

i° 2 » + 6e ' 


^la-c^tl 3 ( J ^2)lSUl JLUL ) 
dbi^tt i (jjjVI Jlul) 


2A/ 3+ +30 2 ' 


(g) 


* 2 a c>* i° 2(B 


^JJb t JLf Jllu£\ j <Jjl cjIjjSU t_j liaSl £4 JL^LuaUXt jfr>uu£%tl J^UlL jj 

: IgiZiA tjLgl L mLj iA^cuiJ 


fO, + 2C 

2 2 (g) ( S ) 


CO + co, 

(g) 2(g) 


.di) JLS ^j-4 A_tL>Jl <jj* f>jAL*j}¥l L-i&UU Jt ft 

ljI ** X^I iu^t I ( j^xA AjjAiatt L^j jIAj *L>*j.a JjSI A^Lu^ll 3 »jl^3 Ajvj.} j^S3 

j JuJl>JI l-uI 99% ^Ixll ^L>«JJl . \^3^\JsS JJL2j ^QHjj . ^JLudl 

j^JL^fcLoiJ ullJ jJ Aj ^ ^4 1 <4j|j Lij^l t L>wJ t A^JbLd ^j-4 ^JJl^j ^311 j . AJL^aiil I ^ 

» A.4J I t A-cLu* 3 Al L4 jlLu< I ^ t L>iJJ I A Ja l x H l A^jj^d 



£'\u l qulSJ\ : ljLJI 


(jjSLjj (Cl! ) JJti (JA>ui\ 2Ld3* ^ (u^jvjXi t it"wrtt) JjjYI ^jjSLsj 

<^jU JjJL>fc4 <jj£j ♦ J-LLajZJ \ J^JL>w 4J 4 I I Jp J* L-dalilt ) 

(S0 4 2- ) LjUijj-tSii ij( Cu 2 ) LjQjji ^ i 4 m ^ i^j Qj Jjv iZSZjLjp ^ai ljQj ^ aS ^ 

Cu SO. 


4(aq) 


^Cu 2 \ + SO d 2 ; , 

(aq) 4 (aq) 


^MJ L^J \ I JUj-J JLlc, U^J I ^4 Ljj^£J I jLul I JJ^4 JlX&j 

* 2u L>«-aJt 2una>at t j^oljIjj^vi *l>*iu 



Ui>*£ iUuLJ ( U-t) JSL1J 


^ Cu 2+ <ju*bo oUjjl J (dUu£LLi) ( J^jVf ) I UfrltJ 1 -Cu d 

Jj3l£fl Jilc, tfj±\ 3jy* <^23 <j^bo Jjb*Xt (J" 4 Ljlj^jt C-CXOjIiJ J J JJLJ 


Cu 


(S) 


-► Cu 2 +2e 

(aq) 




Cu 2 + 2e 

(aq) 


^ Cu 


(S) 




( JUuSLIj) ju i( ^ jjV I ) JUt^aXl 3 jL4 ^LudI 3 jl\ Ut 

ljIjj^V ^LlojuJ Lj V l^JLSU j jru^j L^Jt j JL>JL>J 1 

Zn 


(S) 

Fe 


-► Zn 2+ + 2e 

(aq) 

-^Fe 2+ +2e 


(S) (aq) 

(ojiIOV ) JLu^Qj ^jjVt 3 jU ljJL>»j 1 31 ^ /A^t t j l-l&jA\ <JJt4 ^j^Vt L-ut j^lLU ^UloiJJIjj 

jJl^J jSUjJ ^Lbfcjf £Jj 2 JtJJj JjjVt Jitu/i JajaLoIIj j JUaSO Jl^jv k-Llc 

L -t Ailxll J^4 ^ t ^ *t t btXt jJ ^uiSl4| t 4^dLi>Vlj 99.95% AjjL3j ^jI^o ^JLc. 

( ^ t - 1 ) (JSLuiJ L i ^vauL} L*£ I^hJJT t lj i4 13^ ^4 A j ^ 





t** ' 




(» JA' J'W) 

i ^aYt ju ji l»u»udll 2 jUVi ^ jWi 

^ Lfjlj^ji AS y>. J^Jjl 9 j£ jUIII J— 1 >J jl^il . \ 

(3uij^iS3| . iuJ jjjOl . i jV t «« ) 
JaUu JJj JistJ ai»wj5i aujb^ AiUa 3bju«_.cn AilUJi Jj>k»o l*j 4 ^JI 3UIAiVl . T 

,jA >l 4 l) Jt»l Jt JI>lj « t — <1 

(A.. su^u. - 3ujuu> . auuixnOi l»*a.) 

*» A-iUUJi U)UJ| Jt IJIA-Vi 5UUC jjlIc ^juKj^jdi v uat t - r 

( jpiin . jjrtn -. . rj ti. u^ti> 
......... jA 3luJjjii53yi bMiiJl j jlu«SVi ^ j 1 ■• ■** «jLi£ ui»j ^ jJ< ■ i . t 

(j>Al£JI . 'J-.VI . . -ti...n . .unti) 
.............. ^ A _» < ml I j J^i>«ll ji ;j< —» T 1 AS ^>wl I AjjU* uUjmtJi - 0 

. AjJLuJi uitt^jVl - Ajuk 3 I 1 ) 

4C*aA aJ ^miLuUI jJLtfJi »4> - *\ 

( 3uJ L* - Ajl>> y - j - ) 

Aj^di >^U<Jt JIS JlA^ljuli ^ A I <*»"*« 3ir>itj^iOj bjt» ji «b^iJi A_t «S jjy JLi£ - V 

u i^mliTi wjlUiVi jlIc 

( AlklSAi l»XS - AjjjJl . AjjjJi lf£Z) 

-0.230V jjluiij- 0.762V .jcu-jUji j* jo a-^uaii ji j^yi a^j cjis ii| - a 

V ^ Aui»«u emf j^w«j < HJi u jUi 

(( 0 . 99 )/ ( 0 . 76 )/( 0 . 53 » 



£'\u l qulSJ\ : 


JJ £ I JLlc, ^4 J ja l-ljuajjA I JljUilLs ^ Lj^SLJI - S 

( A1 = 27 ) .al 2 o 3 

4 l^jt Jl&a ?, I ^4 S-tgS jjj-4 .aj3l53l k-Llc ^Lu^jIIXt Y 

(Ca=40) 98650 Coul. 

Ag + / Ag t-ctaSj Sn / Sn ^ j*** ^ nu.^vi j > .‘~^* ■ v* 

0.8V AjajJij -0.147V ^4 js) ^uL2)i j i v 1 1 i^» (ji <**' tit emf <. < a> t ^ 

JijUl ) 

. ^jU u JJLft 

4,1 CjLSjJ, ZLlujSJ Lj LjM>* ^Ugfrl - \ 

w 4-jjiLaJ j* 3-p- cU t Oj^t 4-jjU^j Juiaiij - Y 

(■ y’jJ* jt^JT^ 

j ^j-4 5AS J LJJ&HJ cr*f- £cui»j 

<Li L >> - 1 

( QjJ]3 £ 1 flSjA -L-3 

*L<JL>* 

I* j^-cL cU t ilJjLLaJ 

^1 Jt^yjj ^ 

AjUIS jl4 l ^ fAirttt ^4 %<? tEi i l^jliAXa! L^Lut Ljt U ^Llu/I^o ^rtutg \ 

( i \nmt,t j tiao^Xf ) ^jjVI j ±jZ*\S2\ qa (JS Jul£, cjJ->o <^11X1 tjV^bdl 

$ CxjLwSj^iS <jA j*J-UA^}¥ \ ^JLc, J I jSU^ w3uS 

^ i ylyJi Ji^P ) 

Jj) <n>iU 4_uf Ijjiulf ^4 ^~Jrt *tl jSU^ 4 £5ui» >J (lit l_ja«Xl <j-4 *Lu.qJ 99 %) \ w *y L>wJl 

99.95% aj jL2j ^l>o 





x i$j £jJ&hj 2LuI 2 Li t >«. tt MW^V i J^j-t t c-cx^t 

Ni 2 Fe »► Ni + Fe 2 

(aq) (s) (s) (aq) 

: <j \ J {O 

( XjL^aXl j da$jX \ ) j - S 

jLuUt Jjljj-a/ dL>ot ■ wj 

: 4^Jb U ^U3V pJJj ^ULuSJ) pS 

.25 A *Gjl£ jLJ <> 10500 C E tai - ? 

10 A *L) JLL jLbJ jjj^j ^ <JjJL>v4 ^4 A /AM < ^j-4 21 .5g wuu^j>J ■ 4 ■;■ 

^ j 1 1 %£jmi ^ ^4 10g <— u aiijj! 2t«jiW( C^tJt jUJb ) 2Loj^53t i_iu>i 

(Ag=108) *bj^b 

A g* (aq) * e » a 8, sj ^laiaiiu. 


(T^jbc. Jt j^Jt) 

S <— b&Jilf <j*4 {jjjI&iJ JULuj (j* Q&il&Ji w-kJjt ^Jj) i b& 

jt wf 

.S-cLJ ij 2Lul ( ■* jj V 1 ) i \n<r*t,t j (^IS^O -t^^t < £>* jru J)jL3 


LjJI o 



( i an t \ I l_>LJ I 



wLdt 





CH t 

CHa-CHj 

CH^-CHa-CH) 

C Hs-CHa-CH a-CH 3 
CH3- CHa-CHaCHa-CHa 


CH 3 - CH,-CHa- CHa-CHa-CH 3 

CM sr CHa-CH *• CHa-CH ^€H^€H a 


CHrCH a-CHa-CHa- CHrCHa- CH,-CH 3 
CH 3 - CHa-CHa- CHa- CHa-CH a- CHa-CHa- CH 3 
CH 3 - CHa-CHa- CH»-CHa- CHa-CH *-CH a-CH*-CH 3 




r 




— \ 


i ji t jjli jl u 4->$—3 aJi #U4^}l uU) wJLLaJi AmI ^Ui^j ^ 

• (aXc ♦ U ^. fcCT l Jl - 

. 4,1^ JaaT* ^xcj Su^Aatt JjLvS >*J t ^oj J jULj - 
. A^LLJ< ^ AfcAt< J 4-jJj jjJl ju-MSkll Jj-O jiA4i “ 
• SJL^I^Jt 4 • * t^ilT 4311*4* Jj^SJltx* (%** - 

. 2u>JuJl ^Jl 4^-c wO-lSLU 4jjj*J J j*h> - 

• 2JlLJm)i l^dCt >ii ^Jl ub jj >S 3 j Ju^jt yliLaj - 
. JLKj >jV< f 1L3.V) 3Uj J*al< JjLaS j-*Ji Jl jjlj - 

• Jt j ^>1 J^LlJi uV jbu 4 t < tS,jj uli^j ^Sjj> j >ah > j jla ^ j>m i * 

. JjU>j 5UjL-aIiV< A.A4AV) ZrJ * 1 ' " 

. Jl Y >1 a31 < 3 J>Y >n£Jt jrU - 

• <J £juuj\S3) JL>Lo y ji f«ju 4 1 4 JiY ^jtStlt » 3 J**%1 jy * 

• uV 4 u aa> .> Jb jjlu - 

. J>Y j je&U 3 J-«-4lt Jj Jl ^tg - 

JLyfeJdYi 4^U J jJ*Yi ikj^JiaK JiLcS >Xtj JiY ^aa£ll jrjj 4 jI ^4jJ1 JL»*^j * 

• uY ^jtSLU ^U^LajubV) 4 a 4aV) Jl jjJJ - 

. J jJLJrft j J >j&j Yl J>-c 4 ^ jLau jjbj - 

♦ Jit jJLjYtj j3U>Yi ^ 3lJlaL3^1i Jl jjJJ - 

. ^AluJy Jl ^lu - 


V 


. 4*LaJi Ji yuj - 

. ul j3U>Vl J 4 JSU 3b^LaIiY( 4 a 4AV< Jl - 





j^a jljjuJi j rujmi JuSj 3 LaLom)I iU^JuJi *LMc.LaUl £1 >ji - 

. 5u^*^Jt 4JLk» ) _ y j ^,11' >2>L~*-L».aJt 

Jj »>*JLi ji 4 jU>. t «...-. US Jj-L>. ji («lc. « U«_t£j' ji gV«'i...j - 

. lA Ju JUu |«J 

. Su^aaII tU.jJt (iLf, j^irt ) ^ cUIaJi jJLu - 


V. 



4_<o LsJ I 4 ^jLxJLI I 



<u jjgjl ) >- 




SLditjjLi 5 Jlu ^ >- 

J4 Ifi^lXfUtfl ^4 l ^uS ^JLi)l JLiut AjU> ^ JLjVI ^JLxamI 


^ jLiLLJ US . j J$s*S3 \ j 3 jZLuJ \ j tZ^jJJtj j^jJt JJU GjGLLJi j 

A « *«r> lj CJljU ^1)1 3Cula)l JiyVl ulj ^LutfVlj .In , a ate flit uljUf ^ jjiliuJl 

• (%ajuU* jVt 

1 J^- 4 -c jj ^J\ cjUS >*Ji w >- >-4 j 3 >j (*Jbdt (MiJ 1806 
. ji ^jLj J^»i J4 jaUIuJ uLS Sb^ajji uLS j»+)t * i 


• jVl *y A^.KiVa* jiL*aa wjUS j*+Jt GjUS j*«Jl - u 

Vital Force > Ajj^Jt 

uLulUl bM> JjSuJ uLS ^4}! ^ Aj Ju-jjJl uLS >*J» ji ^dU^i 

. ul uLS ^4^5 jSUj V 3 4j ^ *> Atamt 4 ojJI 
4 ^, 4 ^ Aj^xaJi ^ jjilt AjjlaJJ 3^Afl Aj jU >lA>i l ^iUJVi Aj ^ 3 1828 f Lc ^Jd 

(uLu-UJl J>J 4jJ ) (ULJfdJi ) Uj^Jt >Uxi jSL ^ ii 


JUjjJLS UJb >o£ J^SyJ JJJjj ^uJuIt 


► A^dl* 


NH 4 U > ArCN< 1- ► AisC'l + NH 4 ( N(> 

4 (aq) (aq) ^ (S) (aq) 

NII 4 CNq aq) — HjN - CO - NIC 


Aj j J» alt (%^jLiS L uJdt tjjJUuJ cUUJ< I4JU J^lL-vit ^^ull AjIjlJi <y ti* jjl* CulSj 


. 3 J 1 ♦•• ib^ut> GjI ju.44 j 5 Ji4*J j » i,l j *** j fcLu^i j urtid&JU 3 ju jUul 3L^i 


lA J| V irt4 jkImI jit Jj A u juS jJt I 4 * * *J vJfe jJU Aj^Jllh 5 jUlt wUX4M»i j 

GjUulSJi liMUi V wl J* lj jJx*> ajj^jJ* GjUS j^Ji ^ jV 

juwiSi c. 1 /rwb ) jStit j yi *<f uLS j 4 iUijju ^j^iuji (%ifi |t^j • 

A|A41J AwljJL) AjjJajJt j-cC »U4qcO< (*ic Ut . ( JLuUmJI J Gjli^J j£jl 



( i an t \ I ljLx! I 


>i£i kZlLkS ^-4J* JJLC. ji jAllll » JLft 3 . 4Jft 3 jJL*Jl >LuJ< 

3 ^AiH ^JLaZj Aj^ZuJI Z>L£ j**J 1 IJlmM . ^ju^SLaJl j£j j - 3 l>$-ZuJ» ZiLkS >«lt 

* 0>4* ^JLaZj Mi 3u^ZuJt (ZiLkS >*It ui 4 f >J Jljlj U^J JU jtJJ jjU^U 

• LkjjJij ^ ■ T* ^Lj^ZuJi ZjLiS jaj 3Lu*JJt ^i 

9 ZliLkS j**i\ 3 ji j yuM U 

v* ji l4^i> v* JaLZijyi ^Xc ^SUt tZitji 3 jjul ^Jt 3Uj*kjJt ZiLkS jXi 3>i^ j> jZ 

• 3lZ>Mj ji 3l/ilV^ ji 3ujL>*i l*Zi jJ jLii . Sjljjlc 3j1^j Lfr > u£ 

_C= _l = 

H 

H— C = C — H H— C=0 

ji 5 j4~im« J— M— Aj_kA ^yic. Ut 3Lrtl~4-i»4 >4 <A«j w ,j^j j-SLI 1 Jjl ji Ja_u ^3 jlb ji 

. j-*c ji ^n.»>'yl4 >IiUaLw ji 3lc. j oJLa J** Mm 


4- 

I 

H *Ji- 

H-C— H 
H 


\ / 

\ / 


\ 


c. x— 

/ 

I 


\ / 

I >c^ / 

3 > 

C. jC— 

' >o 





— c-c— c— c — 



if- ^ 


I I 

— c— c— 

I I 




«>JLA % Sia^I *L*bJl UljJ JlS 3 Ljj*3uJI kZiLkS (%SJ\ t JLA fltij 

< ^aLLm«j \ 4 ~i k+iu~k 1 U*J I jjlZsjj 1 jjuJ< 311,411 ZjLc. ^ 4x4 (*LVi4 JCAj kZiLkS >*Ji 
ZUi J ^4 UijL&j k 31*4X1 kZiMcliZJt j 4 ju ^jJuu^j * kZiLc-j^Ji ^ jl& jAi > ^Lc, * LL>>V 
I4Z i*Atj 3 Lj>iajJI cU**Ql Jlx4 ^ 3l*4Xt j*ju J-c, 3uLc, 3 >Sj ^j»k31 >fr 

. QjL^ 





- juaj uLS^iJI 

- ^« ij-U-fc fc-UjjG 

SUjLiJI ( jrUl^jxih 5 j-Ji J^U ) 4 2Lj>J*jJi 

) 2tijUJt j»ub. 3**Jt jrttjj j j^uwVtj ^JLJuYt J^SUt JjL* ) 

• (^b«uJt JjLLjj^S j ^L*LaJt jjJU JJU ) 2UJL^Jtj (*Ul 

- JLAjJ* - 2l>* - JbjjJt 3b 4 4 jj^jJI Juj JjtS 

♦ ^ j&\ J^£J) - 2b*jl jJI - JbLLi^U SuULaJ* 
J, a£ j AjjJuJl uLS j-U ^ j U jlxJl J-L& j4 4 I ji j5Uj j 

t ^JLJt t*S 3b^ J>a» 


<*J >-*•>' ^iUSjH 

kliLS >11 


2L^LaVij JuS 

^>4>f J>Ixi ji Jb >Lmj 

muS ^Ji - \ 

..a^ujii ujjjLi 

wj jlu j - LJLt cUJ< ^Ji *_i jjLj V 
. Jl. 2u>Judt ^LuJll 

-t 

. 21aAJ ^4 

•% • • t • 

jl^iVi A*.jA -T 

. 4LJUL J y 

.3L*imX* 

jUlili ?L*. jJ -t 

. LJic jji a^gyi 

. LJlC. 3 JLjtjj i|l 

3Lm< jJ< *0 

liij LJlc JUli!AJ 2lL>ll 
.J ul}l£ glio J**i£l 

H^OjCO? Ujb ^ *‘*jj JjuiIj 

juiivi -n 

^Lc^Ai loJ j ^Lo^jf 

IsljIj j 

* v 

* **£>^*7* 

^jj^S^I jLull jj* 

^jQll l^jjJLif Ijlaj .LJL£ 

jLull JudjjV ^LcLJji^iS^I^^ Jlj* 
jjfcill Igjjdi j»d*J 


.iLb>ji ftuJ 1 *jY 3Uu>m 

. OLuJ^ (%^j 1*jY iUxLy 

cjMcLkUi 2ic - A 

.UlLt JL^jjV 


ji 3 >*LJi - > • 

jv LJt*. Jj**5V 
.5U-.UJI ,OA 

.ouSjit ja jjj 

SuljjjUt i*»UUII- M 




( i an t \ I l_>LJ I 


-< ^:Mok‘cular Formula > 


> 


1»Uj jl Ad > j >la j*U Vj ft utS ( _ r iB 


JS Olji *JJZ) £jj ^ 

. >3»Jt ^ja 1^ «a>w,> ** cjl j Ui 


< 


Structural Formula < 'd-oLLJt 


> 


m cj( jJjl IdUJ jl jjjfcJi j^Llc, JS CjI jJ j juc j £jj J^_o 

Ji-t Lfr^jlSL) 3jjJl J A • 4 JajtjjJlj 

ZjLS wcfS jJ ^ J^JU jj**jlc. JSJ j «|JL>tj t JJ c*j 3 JL>.t $ Aa+aL^I ALiHj 

t 3j3 <^iaj (^^Ijj) 3j3 Cui3j ±Jl>%a j£[S3 4j j^Mti 

(J^jjjuuS\ 3j3 (<^jLL-)) jr^>«.4a^Vt 3j3 


H 

Q H 

H O 

\ 

11 / 

1 II 

/N“ 

C “N s 

H— C— C-O-H 

H 

H 

1 

H 


.2UjV< CiUS>ai SuiULJl 3U^aJi juij 


ch 4 o 

C-A 

<¥*4 

<w* 

Aju^aJl 

H 

1 

X 

1 

0 

III 

0 

1 

X 

V V 

? f 

aujUjji 

H-<j— O— H 
H 


c=c 
1 1 
H H 

H— C— C— H 
1 1 
H H 



Isomerism 1 


( JSLLJl ) 3 Llu^jJI 


> 


i ftHWi j 3 JL>J j 2ULi<^ ^ lUjSLuu 2Ljj) ljLl£j*4 3 JL^ ^ jjv j 3j^U3 

. ^Lu Lj t lj iLuLi^a&t j ^LuLLdt LgloLiuj l^rAm 1 



4-4 Lad \ 4 : ^jLULI zLl a -SJ I 





J U-fc Ut%j 


b O <Li^J jj»Jl Aju-yail JLil j ^T ASjj 


. j^ULVi 


A-xxJ >»Jt SULuhdJl 

c*h 6 o 


{ 

H H 

I I 

H-C-C-OH 
t l 


uLjIj! Jj^<S 



CH 3 CH 2 OH 


-117.3° C 


1 

H H 
l I 

H-<p-o-c-H ^LoLuJt 4k.,^n 
H H J_p( 

CH 3 OCH 3 

-138°C ^a 


78.5°C 

Jyrij-*** J 3 ** J»-> 

JU*)< ^Lc. ^4 Jm 


-29^°C 

V 


**■>» 
v» JcUIM 


> Aia^j*X» 


I»m^« 6 jjfc | Ub> $Jt ( _ ;7 js L*jl - JjiS L*£ 6 JjJkJt j 4^~ AojliaJt AjQS 

/klJLife^t .j w JSLi ’3^yCJ\ 5UC.I >ill abuVi ^ <ut ji 4 jLo 

*> f.ti'iwj £»>iVl ^ •*»>* * 3-UJUC. £»>»i 2L*l»>sJl jraUJJt 

. jrUM <v*^i J>L» JS kill jj 4_J| JjL*J 3 



( \ - 0 ) jSLtj I LgJJ I 




( i an t \ I l_>LJ I 



i 4JL4£ 4 jjJlJ 

( JLL cL*iM^ * 3ji * JlL>> - ^jlUjfc ) ju}**\c 3 jU ^>1 J^lJ jLxii>» 2u^ui *— 3 

J>M |Q j 3 j» >xJ* ^ 4 x u jLu>i jji CuOdli^plxJi JLuuSi j* l^lil>tj 

juxJt tU (%j - &L3^Ji iLuUiUHlh ^*LxJJi JiLujoS ix3LJt uiljlillj 3 >xjVi 

.(r-ojs^) 

. uV^Im coISi (i3 ? gt ^ I^Uj jlIjIjl^UL* 



*Ljj)<Ai»tt CjLSjX^ (Jb (jry^jjJLx#} ij <j^, l JluSJ) 4-J i>^o 

(r - 0) js^ 






jL^jJ *auu*\ ^JLc- J Ju L+a 3jjV< ^bfcJJt JjLjLj <J jj^aj - \ 

• 3 JL4J1 JU^Si 4^4 j jSu Jdl c L«Jt 

j Ay^S i ^j ^ SLj ^jJi ^jU jl£ ^ ^>> ^1^ J jlj L»4 ^^11 ^Sjlu • v 

• Aj^^iili d^U)i j^j ^S j ju^Si 

t ^LxJuLwVt 

1 4^XC J > 4Xj 'JjaJiAll 4-tSjH 


C + 2 CuO 


(s) 


2 Cu 4 CD* 

(s) (g) 


2 I! + CoO 


(s) 


Or + li 2 o 

(s) 2 (v) 


^3Lj3»uajJt cjLiS j*+3 



«JI LfehA J >J ^ >*4 4*^4 uS >4 jSf cULJt j ^ Suj 

. JjIauJL* SUJLJl JfcaT* JjUS J-4JI £♦ $j 1 4 j&lS j Jjlj^j^S 3 jJU^Jb 


-< ( Hydrocarbons ) >- 




Atfl jJ JjLulw j (jJUil 1 JjJaII < LudL4 ?t ... a Vi ^J| uli^j ^Sjji >j^tl ^jma > jSUjj 


• JLUi JLaj Jj i4rt «TU 1^44 | 4 *mA 4 ^S 




4-j^ ( i an t \ I l_>LJ I 



C 5 H 10 



it -> . n . ^^7 

^l_l.-Hj .^jl 






ijjui 

JLJ&JY* 

OUJJV 

OlilBV' 

(uLLjiluiiVl) 

(CjULuLJ jVl ) 

(cjLL^IjLJI ) 

< ^CiUJ 1 ^ 1 

c.H^ 2 

C.H ta 

c.H^ 2 

CiHj ^yi 

CjH 4 jU^Yl 

CH 4 ji W 

^jH 4 

CjH< 

CjH^UrfV. 


-< ^ ^iy* LJ l ^ ^liaujSf t uliJJ j£jji : Yjl ^ >- 

-< ^ 1 a) VI j£ jjmXifSl- \) >- 

SuSSyT 

Alkanes 


cj(j 4 lauj y j ^LL^JLuJ^ 2l^^jL2l« 2Lul2uli oLj^j jZjjJud* JjlilSUVt 

^ ijJ lA >*«£ m aa^| ( o ) i ^ (p ||p f | j 4^>A J>>j> jJ&l 

. Unn> LajL^uS Al*L>> cjUS jA 



4-4 Ljl II 4 : LUU I 



i uIjIS^VI ALmA ui ijyJb uLS yA 3 yu*jd\ ^udj c U^i JjJbJI ^ >u j j 


CH 2n+2 


V» 

ch 4 

ch 4 

o&** 

c 2 h 6 

CH3-CH3 

6&i' 

C3H8 

CH3-CH2-CH3 

o^S>f 

C4H10 

CH3-CH2-CH2-CH3 

CP** 

C5H12 

CH 3 - CH2-CH2-CH 2-CH 3 

O&Lf 

C 6 H 14 

CH 3 - CHa-CH 2 - CH-jrCHa-CH 3 

jL»5>A 

C 7 H,6 

CH3-CH2-CH2-CH2-CH 2-CH2-CH3 

jLu4 

C8Ht8 

CHa-CHa-CHa-CHa-CHa-CHa- Ca-CH 3 

otty 1 

C9H20 

CH 3 - CHa*CHa- CHa-CHa-CHa-CHa-CHa-CHa 

jtiji 

C 10H 22 

CH 3 - CHa-CHa- CH2-CH 2 - CH 2 -CH 2-CH 2 " CH 2 -CH 3 

0^* 


i ^ U ±L>* }b J^jLuJi J^JL*Ji Jaj 

* ^ 3 < j 3 ->-lc (n ) uu» C n H 2n+ 2 2uUJi I4J OblSUYl - ' 

• (-CH 2 ) ^ JbJLfc4 4. > AAf ttt j JjJl JLjjj koS ^4 JS - T 

4 li^Li>T ^jUiul ^Xc Jjla % $jJ\ (ant*) ji ^"> * > AL*L*Jt obS ja ^ 44 ^ • T 

Eth = 2 uj( 4 Met h = 1 >£Ji £1 >i jjlc ^Xc tJLc, Jjui ^Y» JjV» Ui 

«iLuji>bU ^JLalai uQlS^VI jjSjj ( t **** Pent = 5 uL (But = 4 u^u ( Prop =3 u^j 

(T Homologous Series 4 ^bLL*Jt iu^uL^Ji 

4LoL^Slli JJ jJLl flc ^jjuy>> 4 j>jli j ljLS y+3\ Ja Ajl^j^a ^Sb 

.(^Lditt 3^>0 cP^ ^LbbJ^Jtf) £jJLUJ 

JjbS >*J» JUJuJt 4-J/t Jt UL& Obl&Yi 4|iaU j 

Al^w< b^a,) i^li^ift (cuj . fUfcJi laiLJi ^Ji 3 bib^Sb Ju* yi $ • >XVl Aj^JuJl 

* ^3»i^jiuJ( j^JduLJi 



1 ^ j * I i_jLJ I 


(* , jui» c^9o%<>» >-^* <^! 50% <j*} V3 j+* 3^ f ^4l jLb^Jti 

Libji ^jl^uLa^jj JiLj^Lr^f Luu US . JJLUJt LJL>- 

C* >j j ^ aLu^j^SJl ^LiyJl J^bVi uljl£JVt ui 

- jlJ* d l u^jjj 

( : Alkyl Radical (R-) JdSSVt ji 

2 ji JLaj J^LL+Jt ^iSJYl j 4 jullj 3 j ^lU jl^ >j V 3 u jj 4 j& j ^y 

JA jJU 1^1 >• >J 3 - ( jJj ) jJLrLa^JL) (Jl ) gbi< 4 i Jl JLuu*b 4-U 4 aUJi JtSUY* ^ 4 «r>j - 4JU 

- * 4 < 1)1*211+1 4-*Ldt 1 (R) 


R-H ~ H - (R-) 

Jl£)i J-£)t J-l 

CnH^nia CnH^l 

3Ul»i 

CH4 jiv 

C^ J,l£j» 

CjH*, oi* 3 j-t 

C4H10 O^+h* 

* CH3 J j*j ■* 

* C2H5 JtHJ* 

■ C3H7 J ** 3 >> 
- C 4 Hg 

CH3CI JrfdLu Jbj^lS 

C j H - B r JmjI JU 4j^J 

C3H7I J+Jj j~Jl 
C 4 HgCl tjujjuj JUjjiS 


( « ( ^b^Yt ^UaJs* > amsnn suw 

I^jjA jju t >3 IS AlxL^Jt 2 Lij^uJi kbbS >*D t*lc**i «. U JLdJt ^ 

Cdft>c jt-tS j-%Jt » JLA 4JU ^ Jj! jJL-mJi LJLc ^*£3 «UwVi *JLfc CbtS j JUtJbl 

4Ub jiui 3b^A}i uLS >*J i 5 joS j j**JL*»*Jt ^juIIi mj .SbuLyJl #UwVb *U*«Vf jIla 

• 2l j SLbfcdJt 4 Lc^-aSLU yjJ» jbfcjY t 

International Union of Pure and Applied C hemistry (IUPAC) 

ji *i ^4 JS j^4J uS y ji ^ <>Uii t^! 


• uiS j**Jt t JLfe 6 Lb sJ k, JuiJj( Jb jJLjJ\ 





4_JLJi ^ ^J uj uL w iljljJl <2>ljl£lMJ (4 ji >rtt< /t jjLU' |4**Ytj 

l^l*J ( <l£ jSaJu* ji A 4 J <1 I m« >~ljiS (l^w ) iillAU AoJ^J A lulw Jjlsi JJLM * ' 

. jisiyi r^i 


CH-^CH-CH— CH— CH., ; 

«. -- * I 


j CHj- CHr-CH ; 

•■ — 1 


;CH-CH r CH-CH r CH 3 ; 
I.J......L .....i 


CH„ 


CH 3 


jLLLJi SU-L-Vi ^ 1 — 1 — ft 

« O&jQ' <*!**>» • T 

J 4 J j5Ul Ciljj (*jft j 3 - JjIc, Jy# 3 lJL^ SLu^j >S 3UmL« J^tai CulS - i 

• ^fabjVl jl ^4jVl SdyJLJl Jl jia 

ijLu J ^>1 ulji ji JuSDi J SLu^j SLLmJL* J ^lal CulS Ijl - u 

(%J j-J 3u^oIl ijujj - ^ >aJ) j^lSLd u ^iV* Jb ^4 4xi^j ^SU t a 
( - ) J-U*a£ Ja->- j uw ( 4 ) £4 £jJll t L^la j j 

*4jlSUVi f^a/Ll *Lc4.ajuiit ^$JLU J - £>4^1 tj t 


CH 3 - CH-CH r CH7CH 3 
2 CH, 


C^-CHjCH r CH-CH 3 

CH, 


* CH, 

j> — ^ 4 j j*M * ■ 3 j /» « ■ 2 

}\ ^jLo OUjlmJi ^ t -*'~ ■"" SLo^jj&i 4ln.ln.tl A^c. jjJl Cjjj£3 l!>) - T 


CH. CH. 

PI 3 

L-CH-CH- 


CH, 


CH 3 -CR; 

3,2 


. J< jSJJ \ i JL c. ^Xc 4 JVjlU ^c.L> J 

CH 3 

I 

Cttj-CH— C — CH— CH 3 
CH, 


- NO, 


- 3,3 

ji f j>-Jt ji J — JU 3ji £>itt JlS lit - 1 

♦ j' i' juiui ( j) i**-*' 


LlJI jjLL_o 





Cl 

I 

CHj-C CH-CHj 

Cl 

•jPttii -'2>2 


CH a -CH-CH, 

I 

Br 

j V J>I* >-i>T* - 2 


^JLjoVt i— cOjUl (—4 (!»■>> ( ^114 lj LLlj» La j <J^S3t %-fcj . q->w4) 3 rtl">i4 CuiS til - 0 

. '•yS L o-a d (J 1 <JS3 | J aju I 1 |Q ij (jl i tjJ t 4 >llu^UI L^u/V 


CH, Cl 


CH-CH-CH-CH- 

II 

CHg Br 

<jL3 j-u J-uLya - 3 - - 2 


I 

H 3 C — CH, — C — CHj— CH-CHL, 
CH 3 

(jLuuS^ (J^lLla ^jU-> - 4,4 - jjj Jl£ - 2 


* flLau AujVi ^US j-ll clt^f w4uSi 


CR-CH-CHrCH-CH — CR- CH— CR 

*3 , “ ’ I ' I * 

CH 3 CH, CH, 

CH, 


■ u. CH— CH-CH— CH,-t 

CH CH 3 
I 2 
CH, 




jLLu JuS-*^La - 33 


CH, 

- * 


CHrCH— CH—C — CH— CH— CH— CH 

3 a | | j » * 3 

CH 3 — CH-CH,— 

-CH r CH— CH, 

ch 3 ch 3 ch 3 

+ 

c K 


CH 3 

ch 3 


JLS 3 \ Jui*. -6 ,4 ,4 ,3 


JLS Jl JuS*. - 63 



4-4 Ltll 4 Lya-iSll I 





Jb Ja (JUuII) OtilSlVl Jlc. JO. j£jJb 


JU > * *• " 

CH 4 Methane 

<jj n«>‘l j^SLij * 3^*^* uloS ^ 4)1 ^jUAJJ uGiSyJVl Jji ^ 

Ll>La 4 ji jijVl jlob ^ ^LabJl jUK j4 90^ j4 jJlSi ^1 Jirtl JLfi 3 ^uS 


^4^j j 4JUl£t 3 l y a ^ j jbfciiNJ ^jjlaj JLJ ^Ul ftstiJ* ^LU ^ JL»» US . JjjJLJJ 
3Ly.AA.> cjUSlaa^^Ji £li SLa*A ^ic. g >ifcj 4JV iIiljuLuLyi^it jUu LiL^i JUJl 

• 2Uj*JxaJi JJb^U 


ja ^LuLs^itl Jl *Z#LLa*J £*JL«J *JftL*J< ^JoSlJLj ^Js J>CLaII jjoxj L*£ 

•(JT • 0) J5LDU J^ajl^JIS ^ULsiLLmIj ^ J^ail j^oaJt 


CH^COONa ♦ NaOH ^” w — ► CH - ♦ Na 2 CO, 

'*1 HI ^ 1 9 1 (l! 


•*>•* >e| 

Jl ollu-'l 

L ' 

>• .> •> ^»)l Jl li_>- *Aj j 

NaOH 3L*il£ll !.»>-•*« Ja i<uU 

^ - = wAk 

l> jj -..tlOl 1 J ...<i ) ^3«J| ^x)lj 

^ Ji.ju Vi (CaO 

Jjt, jlcLmJ Ui\ J^Lklll 

. Jkulijl j*| -~'» l 3l>jJ 

± 

jL 


((r.«)Jta) 


^ JCmII jU. ^ua>o jlfj* 



Ja * T I «■ t > *->LJ l 


( . oUisa*>3uuji 

3LgjLj^AdJl - j^ >- 

2LjjbJt3jl jj*Jt ?L>.jj JiS Zj' jIc. Jx. SjU^, J>Jj£ 3j3 4 : 1 {y* ^>>I>u JiUlSIlVl- ' 
uljl^tiiwi ^ LdUj JL^Vn jG^uIlj Jbj^dJl iciul** Ul . JjllUt 
tJJ . jU^Ji j4 ( JLJjJi ^ Ji>) i>jkl^j >5Si jbj>jJi ji kiu>j . j>a>S 

4liljJt Jlalliit ^ ui • 3^jLJt JlaLUJl ^ ^uSi J^Sj Jbj^Jl <jljUiti ji JL9U 

.jLi^^Jt J* j^Si 2 Lu*j jUIt 

4 Jit Jjt>- 3ji 17 - 5 4 > alii JilitilVt -t 

. LJxjt ^fi^S U JL*JLu*j j 

ji . jjii ^jJt ^44w Jit 3^ 4 itrft yi j^jj£ 3 ji 1 7 j* jj£i j^l>b uL5 ^li - r 

.jiuiin j^tj jisabucauiijjyji 3ucot) J>t ji jij uis *ii 

au^n Ciuis^vu Jit jiiit ^kJLi tij - *uji ^uj^v "i :> ^i ^ ji>t jiutsaVt -t 

• JSUll J4 (^xuJi Jit 


Sl^La^aSIII -lj^ >- 

( o— ) l4Jfc*** £jj Jt JLu< Jj-J JllilSUVl IfJfcJfcAJ jilt J|t ji JbuJ jJ 

• ^L^U^^ilt l^j^^Loj^jl Ia A«i*i3LitU» JitilirtM Jt jl*j tjJ - 2 l* 1£> JljjJLa J*j*j Vt L* j *£ 


S^jlld JiMcUu^^Aj- *L%ll jlin-i j J>j jilt . k jiiA^t jjjil j JiLil&lVl jjjlaj t ji jJL^ Vi -> 


CH. + 20, — ^■ 

(.) ™ 


c °2, # + 2 h 2 o + Energy 


• |»JLkluJ ijJ 3jt jJt-L) 


t ulJu> yi^Jl v* JcLoHJl -Y 


3k a.^aaa^ a a! t 3>ia iL^VU>^j C qJ! jg^^Tb^U^yi^ly^blSJVt J,c.Ltu3 
^Xc jjLJt ^LayLjj (Substitution reactions) Jijul^vt *Z»Mc L iu ^ at...t... ^js (uv) 

. JcUlJi .Xiil'W ^jd Jy* jJ 1$) t j jCLJl JS 4 j 



1- 


(UV) 




C H 4 + Cl 

(o) 


(g) 


— CH.CI + HC1 

' (g) (g) 


( J 1 "* ) 


2- CHoCI+CI, - 

3 (o) '(g) 


iuvl 


-► CH 2 <:i,+ HCI 

lo) (g) 




3- 


4- 


C11 2 C1, + Cl, f uv ) » C11C1, + 11CJ 

-(g) (g) -(g) ( 

jj^lS 

CHCI, + Cl, ( UV ) » CCli + HCL , 

3 (g) -(g) ™ 

W-> 

&h) 


m 4L^LLJI L-xISi . jjASLh £-4 JlijVl J^Laj kjy A U 


J51)j * jJUmS 5 JL+1 CHCI 3 <* j$Jt j j$lSUl ^JLxLnl - ' 

21 * 3 ^* 4-C' >*U |»jlc JV 4^tjtJkiuJ 

JUU LJL>> .5 ^uS JliLdlj ^jl cA.jUM.1 jAiy »JSLJ 

jJL^ 4 jjLSi 

• ( - 1 ’ 1 ’ 1 - - 2) 

.t.‘ll^)li rtjlf*‘<*iti >7»litl»<r jUjj jj 3 IS - 1 , 1,1 yS ^ 4 T 

j AjJai j> j< ^*S 3 J3L»» NuJt j >. <1 j jCitl 3 ,_yi J313 fjjjall JUfclL^l -▼ 
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[juajjll^vi] juujyi ( juijy* j>>^i ) jjitijyi ^ j >w 
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CHjCHO ► CH 3 CHjOH 

Reduction ^ 


Vbjl » LuIj ) >. 

"< ( Cycloalkanes h Qbl&JVt - 4 juu 1*J> '4-bilaJt - i) >- 


JL^jJ j\ J*SL*-J o31J& ^ic. LfjLuj^ ^aJt <Z>Lj>J jZjjJuLf}) 

A^jt ^ iUibJi JililSJiU 2uUIi U^Ii .^iL*. JSLi ^j» 

V j . 4 l4^~<«j<r> 4_ibS -Lie Uj.i>ii j} (j* i-f O nj l jj 4_oUi_JYt «LLb£J^U 

4 *i ><14?! n> 4 jn>~4t< 4 j rtl~%T t >-i)LilSL?y I 4j4iiil 

• <^uS jJUt ^yLc. JjlJ (,jiL».)j* 


\ X / 

-V f; 

C*Hn 

^ JL-i* 

( iM* A-) 


„ H H 

\ X H 

H-Cr ' 




I 

H 


V-H 

-C-H 

I 

H 


CsHio 

( > K #-) 


H H 

H-C (f — H 

I I 

H-C C-H 

I I 

H H 

C.H* 

</**»■ (#>“ 

( CfijH A- ) 


H w H 




V 


CjH6 

uWj^# 

( ukl.# _>&►- ) 




60 


bljJJt JJL4 J*j5j . 2uiisfcl» «I*lil£JYt ^ 3 j>*.>4JI ^ ‘ L»»jJJl J" <iH—H 


JtoLcj jV' j^Sb ^JLUbj 4_i j jji iliVULojjVt ^jlj > J-»*ijl> 5 j-uu^Jt 

tjjSij bCU .jjalstH - 4 jLj»U 3lhji»l l^jl JLsti ) jj obS > 4 !* » JLA ^ 1<1 ja.rt 

bi jaib llsluj Jii . 4 1 . ,.i ...ti buj * ji « k j i tA Uaul> (i^}i ^ 

109.5” > a# U^*> jISuumIIj Jbij >lSb-J« 

. 3Lj>^}i U^4.i* Iij! jj J^SLiu j U>B cjVCLu j/V 1 J-o jlUi J_^So Jb j 


4-4Lstl I 4 ; LUL1 t 



i ( 4U k-iLxS j~+J\ ) ^axt'L+Jt ^uc 4..4aL^J* i-jLi^j 

iZiLkS >4i^ * jSu^JajJt JjLkS j 4 jxc $j *Ujla)i ^^uLy+u&t 

ul^S j-tL) Cu 4 mJ jjJLj^lt j4 4L*JLc A 4 >4* I ^jU^jJl ^«U>Vl j4 Adi ^ 

CiUS >4ii UilAJijili Jji JliUiJi ^i( SuJkAJJt )2 LoL2lJYi 

Ji< ItfJ 5 5 j^*4 JtJ* Vi A.U^A 4fcll< kllbtll+Jl ^>-aJU 5 I^bhojt jdJU Jy* 

Jjt J jSam1\ jj^Jutt ^ujlj j ( 4 j^1ajJI ) 3LuUjjVl uLS ^%) b 

jJlS i ji ji ^JL>ij jj^Ju 4 (dU» JSLm ^ uLS JL>^ jj . hfejt 

• 3 JLJ JLaJt i^jUlkLiJ 

SujLlS >I t d JL^J Auuu ^ jjl uaSl ruUjJJ 



Anthracene Naphthalene Benzene 


. ^ ^IaaII jj^iul! UUj 4 a. * ill 4^.j ^jJt JyjJ j jLfeJt cjljLuiJl * 4k In 14 


s 4 LoLLJ 1 4 Ul 44 a 11 

J^Ulu 4JY i * 3 JUJU* ul^uv JjjJull 3 UjLuJi A^uaIi Jl ^ jlJ( £jiThi*\ 

iLiJl>Vl At^%\ j}\ J juj Ixm j ulj!) lajljjJt J^Laj Jil>Vbj 4U&L-i* YL> 

(%UjJi ji aIj ^L> 3ju *UAjJi uj jj j ~+ S '3 

4LJl J^UIj ^UUiJi JSLUi 1965 j»lc Kckiilc ^iUlYl 

< — o 

< JSLUL> *liISYt J>SUj j 




• • • 




4_j^ ( i an t \ I l_>LJ I 


. 3LLu^t >5 ui ji jlLc 3LLJt ub j jS >«j ^jlc JLc JS^Ji J jl> 

O 2LcU^ ^ JjJJLJI >s u^S 


* f%a*3Jt J* >lai Jyt - * 


Jjjfc-'o - ( fttjtfi J >mj >mJ< ^ c i j-».» ju-c 

JLul ^ - (%j3fciJl Ji , j4^j #l4>* 3 jU l^iJbi Jii jLc 

A 4 <4 A 1 41 3b^j>f JjLS y ^ic. Jo-aj^j (%3aJsJl Jl ^Ll^J ; 3k *t j^l 

• 80 -82° C d&A 4jli > ^jJi jdl 1 4+4J Uj . S jmS 3ujLrt3i> 

1 ^LubulVl 3 l*I wj 13 lL 1»4 Ji j 4 - t 

uiI^LuaII ^ 3lJj) lAjUurb ^ ^IaaJI jj^uJl ^uSUl i.ulIaiJ I jiaj 
t joIaj^Ia jl>,Ij 3 Lu 13 *IYi a_J j ^LJi ukutut* 4jk J ^uax!l jSUi * iiLuL4aS^l 


3l^ jj j jUJi j>4J 1 J^UII JLuS^Ji ^ i 

Catalytic reforming 3 JuSLIIli 3 jLc( 3l3ujlaJi <>jub %Ji 


CH 3 -CH 2 -CH r CH 2 -CH 2 -CH 3 


JUS4 


U) 


Heat ,• -"" -•--, 

-*r-@ 

N/to 


+ 4H, 


(a) 


JO^ 


* J* >*>Vl 3 L>^jJ 4 ii>iii4 JSLuIl j4 iib^jj) jalljVl y ja\ - jjlljVi 3 ^<1.1 - u 


3 C-H, 

2 (o) 


Red hot 
Ni tube 






^J\ J Jdl JAj JJ1 3 ^ic. J jL*lj jl JJUi j 






• • • 


+ ZnO 

(s) 




4-4 LtJI 4 ^jLxJLI 4 Lu^-tSU I 



l £• iZiljjJo jW JtL*J< j jt%^~ti ^ LJu jj_J> ^.A^j 



COONa 


O 


+ NaOH 


CaO 


■'(s) 


(s) 


(§, 


+ NaXO, 

’W (s) 




C 


ulrt 4 <m4 3La*44M I 


^4 K >J irt4 Al^l jJl ji ^ jjJi (%J jJS JU J )i>yi J^l>i ^4***] * ^ 

• lUMbali 4 JJIISII 4 J* 3LLJi uijjJt j* Sjj ^>i ji 3 j jdt (%>ipj JjjJu 



Ui>* j>sH Jtf j^ JJJ^ 


Aryl radical (Ar-li j» J-i 


(At-) > 4 ^ ^4 ^jj ^jUjjSn uS j**Jt j4 jjJUA 3 ji j4 jujUJi jA 


tJuJLtidi 3-£ JjjVi 3-i j J-j j-LJ* >> iCU 3 ji ^ JlIaJ 

. (C 6 ll 5 .)Phcnyl 




( i an t \ I l_>LJ I 


l*J Ortho ^ JjI*j! 


.(p-) I4I >4 ^jj Para Ijbj (m-) I4J y ^jj Meta lluj (o-) 


6 or 2 
5 or 3 





4 





jro* I Sji CJjlJLo/I SjJLlI ji ^cjLJI gjj JL + T uuj 

lS^ IjLsj jijt jjrJJtS l£JU<A <j1 JLv j JL3j (A) jV I 

-R) J-jS^JV< tjLJt j ^»jV I ^J} <Lv cl>Lcj^>tX( . ULc 4 

.( -X) Sjiij (-NH^LwV ( iLc i(-OH) J.uuS jj jl 14I I t( 



(jjJ-SJi 2l <(- CHO) J U AJL?V t ULc 4 <Lv 3 J ^^tJl £>Ia$^>iX> 

(-N02) JLH^< ^ c > »>fcaj (-COOH) < (-(bo) 

1 Jll» 


no 2 no 2 





Orij+fJj+uSJSt* ' ^ 



Jj - ijits £*• j J>i >,4-^1 rij£LL«i JSL * J J }L*>yi ^ jlS »i| - T 

l«^> - Stc >«a< JSL» Sltajl >«Jl J >j >5LJi 3 j j j J J L-% jj 3L&b«Jl ^ J >j j£) 1 wl j j jj 

< t 1 lj i ^ J ^(l«i 4 < *4 *iyj* AalTL) 3Lj.liy.iVl J# > >ma> 3> tamltl «_*j jJi 

. j jljtTl ,JjJt ^ . jfiSJi 

a 



Br 


C*}j+? JlAh - 2 - iJ^ - 1 - - 4 

. .Uii flijVl Jj^ia 4 u...lb JL»l 3 .UV^STl *>«"■"» J* 

(^. JjjJ-dt iLuLfh*}* 

80 ° C JLlc ^ yl ij 3 J^ 4^4 A>J I J Al ^ U L) V 1 rt m <Jj La/ ♦ 


i SLajLmoSHI * 

.^JjSJi ^j- 4 5^-U^ ^LlloJ ^JLc^ ^L>0 AjI ^yULj ^ >U/I JU jjj)>im4 I (JjuJuJ 

♦ <J^L». Yt^ 4jftL-i»Yi Uufe «Zi ^Lclisait >jj J-cLall-j j 

1 4 ALi>yt 

AiLiVi ji Vi 3L*.iJ> Oj»ij yic Jj,h-Ji > <*c.^b 

• 4^L>> Jl wo>J Y| uJxi Yj ^Lf a* 


5 j< >3*1 1 j ,U* Ji!L> £* JjjJLJl i (Su^jJUb) jjjLufSi Ai»Li>i - > 

. JL+S^J* jLiu>- J^lc, ^ 

f /'""'N i Heat - Pressure ( ^1 

IOJ *CT g ss - l^J 


c*h 6 

ut> 


(Q 


c 6 h )2 


JL-** 


w 




( i an t \ I l_>LJ I 


<y **\Ju* J^SaJjlUV) c^9 ^ ^J>uH ji jjl SUl ^4 J^Ul) * 4dLjJ^}l * T 

• jLXibJb Aju^i J)^SLi>j jLiiS^Il ^IlA 




jLmSLa jj^is 

(j ujui+ ro 

-< ( -J) >- 


^JLc Jj.-^yi > LUSUj l^t'y jj>JJ JU4l> ^McUlUi J^VI Oilclij j+im3 
jry>jjJUA 3j3 JIJLuy^t u^UoIt jJu* ^ (%juj-3 ^uS ii^li 1^1 uliS y 






ilitjJU JjjJLJt m» J* 3ji Jl j^4i 

JUj>iS j>»*j Jlj jjA£l* J4 ^jjJLJi J^ULLJi - wu*LU >**> ^ 

.^^ 3j3 ISJ\U^ma >US (III) JUJL*J* 

U ^jSi JjJj 4 j^ 1> ulJUxiS 3 ^uS uImSj JjjSfl uIjlJU ^.uj * 

J-aJLJi ^^JLLj jj^IS ^LIj mS y Jfe jjjl+JI (D.D.T) JLm^ U< 

^CH-CCIj *i*Jl (D.D.T) 

AjIj (DDT) < hirtj Jl&j * lgH2 A 3jJL^JA qjuujJS 

+ Aa\ J ij>ujjj{ jlr A juul a H aiSLid lII 





Alkylation ■ iiSUVi - 1 

Frkdcl • Craft uki jS - Jju ji JjlUlj 

Ui iji Jm JjiSilYl Jaji (RX) JulilVl uIjlJU ^ jjj *».‘0 JfiUu 

Jl* 3 jU»> 3 jU tjL* - JaJ Jo JoSUt JjJJLJt JLiL*. 

(anhydrous) jk**i**ryi jl»j>is 



+ CH 3 CI 



(g) (anhydrous) 


+ HCl 


(9) 


i >*•) 


3 -r 


m ^ ttA Sji Jjm ( -NOi ) 





(v) 


Jjlxi jV jbkSuVt 3 JUJUl 3u>JuJl jjJmJJI -UJLc «ZiUS y J* H> ^bj 

^USj^Ji jjla Jit - 3ju*Sj*lt 3 jUJi >*J Ui J&jSJi Uj>Jj ^JLc 

JD 3 JI&j 5 jlauuYt JLTfcqj CiljUJlj 3 j 1 > 3 * 1 ) ^4 3 >uS 3L4S 5 -Hjj 3 Lc 

4li t it ^Ij j^j JUutSi ^Ij ^yjt C • O jruj^ll jxJajI jJ) j^SLJ N-O 3 l 1 ajI jJ* » iiiirt i 

gJui 3 3 u>J»jJi jjJLJJt tZiUS >4 

auiiiii auiuii y^ 1 jl^yi j^j^u i^u 

j>Lu I.N.T 3 jU tja+liM* l^LLjt Jt jUj 


Ivt^lSLtUa 

KJ/mol 


201 

N-O 

358 

c-o 

941 

N-N 


>5 JcUL ^3 xj j Trinitn^olueni* 

• ( * I y iiUaO 


1 ^ j I i_jLJ I 



(oLH J&») 



TNT 


3H.O 

2 (v) 


Sulphonation : 4‘<<il...ti -t 

3LiL^ ^ l jjL2* jjJLkA 3_>j Jj*> (-S(),H) «*!_> tjrtln.Tl jm> *Lc . $-+-*-* JLiot Ib7 a 
J >SL\Jl jA4> J ^j^ull Jfildjj tillj |Cijj - 

■ , < L_. i > rtU..Tt fcjlf 



+ HO SO,H I 

(i) 3 W 


Cone. 



+ HaO 


m 


>iLij>3i,..ri jjjjo ^ 


A^uUjjVl j3«> uUS ^4 LdImI 1 1 i^Tl >Z»1 flirt *i <It A£LL« * 

• «UJ< Jb^jkil ^LiJt ^UJt ^ic. J<n «T 5u$l£Ji t jlaj 

R ( O ) SO H + NaOH ► R ( Cj ) — SO Na + + R.O 

\V-^/ 3 (/) (aq) \V-^/ 3 (aq) ^ (f 




J-£)i 


jOXi 


(« jfa'.«n) 





5 jLxc. ( jj jji ) j_>. jy* . iiu^n ji * -^»~ «y 

^a> 5 ^i jjl j>Vl « >»Jij hydrophobic «UU AAjlS 3lLij!a)l *:<** 

hydrophilic # L*U ^Aj aJLjLL* 3La y«xt 


w wi ffly 



CHj-CHf CH J -<j:H-C^-<pH-CH J -ai-/Oy— SO* Na* 
CH, CH, <pHj 
CH, 

(> i-ta-LU) fj *»>-> «SH|#* uO 4 * 

(Vli Sodialkyl benzene Sodium sulphonate (ABS) 

y j*-t W jlj# J* 3 * V 


■ L&Jdl 


CHj-CHj-CHj-CHjCHj-CHj-CHj-CH-^^^— Soj Na* 


Sodi linear alkylate sodium sulphonate 
(LAS) JUi >£S 


CH, 

(pH, 

CH, 

CH, 


(J*ii c Uk*^l) 



( i an t \ I ljUI I 


: ‘ o1ajX\ ^ ^ A-utjS 

* U1 Uiu ^2Uo^^1>t1 ,>« oi^<> 2Uifcjtf» 5^J» 2LTIJ1 Jz * U1 £L^j V 

w ^ 1 *' 4 ataJUt jj^ £tU » jj ^jJLj U-j3j t * Cj\JsS^jXS ?>Jl>u. jmJ \ J^i $ 'ij i ^ s ° i u JkU 




M 



U) 

mtt LjlrttV<t,t ^UrtjS 
( A - G ) i^Suui 


♦t ftjtVutt *UUr ^ 2 a 
<> JA2 j *Ut ^4( ^LLJ! 4 *tmt 2£Li»i - > 
<^U ^ U! SjJLS ^ ^r?Jr? ^ J i^y^d^juJ I jj 

<^2& US .^Uula-o Jlj-Il ^l-luju J I (JJb) <LjJL1j 

♦ (• - A - o) JS^ 

*L>JLj U po IqmjJsj < utxWi uj jJ - T 

4 n rt < 1 1 *Ua*lj u- 4 ^UAJ ajlSJl <Jj Jli I 

4jL^ ^ Ulf u>itl ^IjJl U! Jbj wLUfcJdl 

I Sliuntt l111 Jljj 4^U) 3>j 4^Iu 

♦ (o-A-G) <J5Lu< ^ 2 & US 4 frtV<tt CjQjJjjo 
^jLuxii) 2UU^ ^ LUl ^SLulSLjil ^1 ISIU* V I - V' 

LjijS ^S[ [&JmLLuS3 J LJ I ^ UH 1 

♦ (-^ - A - o ) <JSL£ US 
JJJ UW 1 jia LUtt £j\j£ii \ J uahj3 - 1 

Jlx ij > j ( 2 Lt>fcuiJ t iL^jUiula) 4 rttV<t,t ljUjJjv 
I 4 I 0 ^wai >JU 1 i^IUj iUUCUl 4 ^ Ul 

♦ ( ^ - A - 6 ) (JSLui US ^ ^t^/7it f 4 U Uju 



^LaUll 4 jjjLUL 1 ^U^-jSJ t 









tu&y 


I4I4 (JSJ (^u/V I i-u&\ (O /A-JLUl *LuLLJt <ULu^lt ^—u&\ - ^ 

^U^Ji Lajlj 

jtCLjI cirH^ 4 - 14 - 4* - 3-1 

6^*^ - 3 - <JA?t - 2 - i j,Ujj _3 >«i>j - 3 - _>• 


»jtil£N ji oLulSJi ji J»LL»£N ji C»lil£li Jl«j 3 loV» ^i - t 

C4.h 82 - c 4 h 10 - C 6 H 12 - C 5 H,j - c 3 h 8 

1 At >h«i Aaj^Ioj AulLJl <LjUJl *j -** 1 uuSi * T 


o 

II 

CH-C-CH=CH. 


^X^^CHgCl 

(§T 


-A 


<{H 3 

cHfCH-CHTtjHjCHg 
CHg 


-I 


0 

1 


HCECHLpC— H 2 

?_ 

j^Q^C O C,H S -_a 

3 lJVi uLiS > 4!) 4 _*jLLJi *j ■'* tl i^AuSi - t 


. jrOij - 1 - JoSu* - 3 
• - 2 - J *t3>? - 4 



( i an t \ I l_>LJ I 


o**£a - 1 - JA -* • 4 

* J j~M>l - 2-^Ji^S - 1 

♦ JAs* - 2 - JAy» - 4 • - 4 

i ^jV) uLj^j^SjjJL^U A^jLuJi ^uSi - 0 

2 l ji jJl ^4 lLu«< Aj - I 

„ SLpiD jj^J>S Jjljril Clu/ *U ^IlL* j>u£. * uj 

♦ 3 JL**l * 4^3^ >* ijjjjS *J)j* jj**+£* 4-> w ^ 1 -^ >jJul*> - 

♦ *LiJL>4 *Ldl Jojl jjJl <J£j U±f <£ 4>u^>» 4^J <jr ii>. ^ 


1 • c < V c \> 

2. C H 


7 16 . 


W 


(-0 


4 C 3 H„ + Cl, 


Aiuit J^Uu J , .» ) 3LuVl -~' N*~ 1 --» • T t 0 'l _ *\ 


W: 


(g) 


C,H, +4H 2 

7 V) (o) 


3- W.+ %— ^ H '»,t HC1 , 


co 


(g) 


CHCI 


3 6 2 


(g) (g) (g) 

3 jt >>• 4L*. jjjl j-L>- J^Lc. ^ylc, « ji j^*b ^jLaJi Ji ...Cjti Jj jJLJ» j_4* 

,|4jI i^. . ...I ^ »** JjlCtbt jaIj .*. .t> 

? iJLi^laJi CH, 


Pt. 



+ 4H, 


(g) 


- V 





^jLj L 44 j^- 1 /."it Xij^UI 1 uV ^4 L* - A 


I Si M A Ml ■• ^jLlS jjt 


l. CH— CH— CH — CH-C 1 1 — CH t 


3 . 





1 js j si* 3 ^ut ji u - ^ 



SLuYt CiI^^JjjJI _/ j inY^t 3 U. 3 -^Cl <Z> 1 4 -^LLJi Aiju-iT) [mjl - ^ 


II H 

/ I I \ 

■f-c-c- 4 - 

'I l ' n 
H Cl 


F F 

-fc-c-)- 
' I I ' n 
F F 


H H 

fc-c-b 

' I I 'n 

II H 


: <CoY< S^SCLd* - \ \ 


^M-L-J^-2 - ^ls^^^- 2,1 - ^Y 1 


1 ^ilLsjj Yi ^UdJui SluYi iZikfS j*S\ ^ t 


CH— CH-CHrCH-C=CH 

CH, CHj CH— C=CH 
Cll r CH 2 -CH, 
CHj— C“C — CH— CH, 


-^ 


-t 


I 

CIL— CH 


-r 



( i an t 1 I l_>LJ I 



i ja* _ \r 

+ j>^J 1 5 j - i 

« 4 ■ j \ i \* A jMJLJl A «_i irttl - lj 

- AjljuL* j-uL wli^jOV< 3U^jyy*» wLLxS ^ lLIjISU Vi - £ 


uS jj* ^ jiDU j ^ >ualc j^. b 2uu£li I^jj^ej ^^1)1 Ol ^aj*Jl £jjSi - ^ t 

? AjJJui j j JLcUxIll uV^Iju AjUS ^‘jAr 



iLaLsl! 1 4 : LUU zLl a -SJ I 





. ^ll4 ^ ^j!LUl j^ 1 J 1 "*** J - \ o 


Al^ldL* 4 jGSj j^bi^LWl ^JM J ^4 J^uil ^ }LC: ^ A tS |^L3j - \ 1 

.JcIIl^I 


: jrjjLiyi jtc. j^iiL> ^ V 

(^£jAj9 ^2&) ij Cl^c-l4j,J J_^b o* - T ffc J _^Jbt4 - N 


♦ ( ^JJUJ^Yi ) JlilljYl ^ Ju^j ^iuS - > A 

: 4jjVi uLS j -*5\ j4 JS 14 Jo^jVI J^liu . \ ^ 

J-JL* - J-Jl j ^ ujlluJl ,*J j-Jt - 


, J-cL2lI1> A3i\jla uxISi 9 LjUJJu Jw4 ^jjjJljJI j-ua-tJ , gft - T * 


. J^lUl j^UiV Li i * ^ j.tAM 2LuVl uVbfctl ^4 JS ^ u. iflfciU > ka - T \ 

jV2l^ J>iLc ^ ^JuLJl - 1 

♦ 4 * aLtf - u 

- J>jJJuJ‘ ^ J^asfcll - £ 



( i an t \ I l_>LJ I 


i 3uSVl l 

j ^IcUull J '< 4 i 3 u^4j uVjLm uuSi - Y Y 

AJiLjVLj S>«Jb - T 

AiiL^I i Jj=.Ui5 - > 

Aj 5 juLufc ^UlLIlj ' i 

t>> - * 

3 JLuiSi 4_^c.La3 - % 

jjjiS!3 J^Lu - i 

kl^jl j_S - JJLi^i - A 

J^I JcLJu -V 

4.«I»liy (J^L33 - \ « 

jjU ^ 

j :->i> J.-1VI - u 

3 j^i-ij Jjilkj- 

fLOJ J^L33 U 

«L»-j_L4> (J^-Laj - 





is*Jt ji* l Ji* ^LoLj *'$»>* ^JsiUJt ^jb JjLcS >« ll > JL^u^i 

J\ Ju * j jJJbtlli 3>J* Mj ^LLiU^ S Jl jaju j (%aLJi j 


-< (> 3>JIjuJ» ji3u^>JiGlfe>^tl? >- 

*Aj+*' Jj^ *> ^ j ui^i J-** 4 J^!» *> i^>^v j( Sji 5j^ ij^ 

JjLxS j^J\ >"u '< mi juft j . 4JUSU ^JLc ylffl ( i|Ii jt f ) l^ulr Ul J&Ij 

^Qi 3k i.* a* 4 jijLij 4x ^4x4 I4 JU JSLi jrtliij 4 j^ JiaH 


. (%4ii4 ^JSLI 5 4 4c, j 3u^ J^aTt lIjIuS j~+J* ^L^ji 


Ji- 

AoLijjJl A£> >A>Ajl 

4 aJ ■ 

|k4l 

CHjOH 

—OH 

R-OH 

CiV>^ 

& 

JjijiS 

—OH Ji— 

Ar— OH 

CtV >^aI 

CHj-O-CHj 
JM JMjU 

-o- *o^< 

R-O-R 

iU^SVl 

CH, - CHO 

Sj* it|-,j..l 

V 

-c=o 

R-CHO 

kUjjaJVl 

9 

CH,— C-CH, 


ff 

R-C-R 

CjL>>uSJI 

CHjCOOH 

wiLl J)j\ jaaa 

— COOHJ*-£*j£JI 

If 

R-C-OH 

A^miS y j$i jp* 

CHjCOOCjH, 

JyS^/1 / iUj«J j^J 

— COOR ji^Vl 

1? 

R-C-OR 

cl jUVI 

c 2 h 5 nh 2 

v>J JAJ 

— NH, ,>*Vl 
(>i#J) 

R— NH, 





( i an t \ I l_>LJ I 


uV»xuJlj uVjafll \- 


j 4 >uSi J* 4 x, ^ 4^4 ^yjLCr ujLcS ^4 C*Y^ Mrflft j cjY ^J fcSU* 

^ 4 .^ ( R) 4 -c. fiXiJ 2 l£,j*jfe 4 iTil^ll ijli - <J^umS j jJU^Jt cjIc, 3*4^4 

• Y jlJb koS ^4^ ( Ar) Jjjl 4 -c. uLaji lij Ul . Y *_*£ ^4)1 


Ar— OH 

R-OH 

J>#» 

J>»^ 

(O/^OH 

CHjOH 
s^A- J>^ 




3 ji ^ijluLmiLj ^4 uI^luLi Ul uY^lJJij uY ^ SJl jLu^l jSUij 
ji 3 ujIIlJVi ulj^j^SjjJL^U 4L ^ j jl^a uUlili ji * Jjji ji Ju£)i 

. ^oSl ji JjUiiSjjJLA 4^ j4X«J >oSi ji jjJUA 3;i JIJLumU SluUj^Vl 



1 LJY^^SLfi 4 J^Lu&jjJLa tillidi 

t ( AajLLJI 4Lc4-uau 1I ) J-fcSiSfl 4x. la^ui 4.4 ^.ua~Ui * i 

4 jLju 4 J jJtS Jli J ^xS 3L.4l^ JoS^Vl 4 ^ 34 X 4 ) Uiii uY^xS1}I I 4 J 1 u 4^1j 


C 2 H 5 -OH . ^Uljl J**Sj CH3OH 



t lUUjjVI lax? >^"t1 - u 

( lZjIjJ JvO J Jjkll ^ > I ^jic. tfjSflfc^l ) jlitlj 

Ju*. yMj - J^iOjI C ,14011 . J^jldU* CI40II Jlo ( J 3 ) utL*j 

♦ A£^*X4l UJ^dll L AliiilnJl {Cki^J 

< I4JL4 AjJ^xS Cj> _>-^ 5 4 1 3 JL& J>a‘>.ti1 JUL'<_J! 

C1I 3 — CII r CH,-CH ; -CI4— OH Jjitiij - 1 

CII 3 -CH r CH 2 CH— CH, - 2 
OH 

CHj-CIIj-yH-CH— Cir,U*fci* -' 3 
Oil 

li[ ^-fSUVI ^-ujI Jj^^V ^ CT^ jJla-iol ^ t Ala^tU 

- ia7 3 jIlj JJ JLi^Jj jjj j-S Sji uiji£ 

CIIj-CHj— CH2 — OH CH3-CH — OH 

CH, 

1 / J$jIj 2 j) 

t uUjJb 

i^LajVI OV jjfcSB j £jL£ 1> ^uiVl -> 


CHj— CII — CH. 
1 ' 

CH 3 -CH— CH— CHj 

OH 

Oil 


3 <LoV< LJV^aSIU AojLJl ^JU^I L-Jl£l -V 

-1- Julu -2,2. 




:^jueL>J I l_>LJ I 




i £♦ jl ^ jj. -U^J' JJ-C wt^> i < .i/<i.Vi 



♦ ; 

* 

♦ 

T 

Jjni^ itbic 



Jjiii5 JjLU^b 4-JjL».' 

QH 8 (OU) s 

CjHj(OH), 

C 2 IL,(01I)2 

CM, -OH 

<J_J?*iJL>**5' 


oJw'S' 


CH^-(CHOIl)— Cl [., 

CH— CH— CH, 
OH oil OH 

CH— c:n 2 


on on 

OH on 



i^JJia^ *l$ii 4 j Mj ^J[ JUuiS JL^pl 4 j ■ 2u^ua5 

- j j JU^H 4 1 At 4 I I J^jiaJjfcSLtl 


4*£r$*J>%A StlH» uV 

» 4 » 

♦ 

1 

1 



dwJj^i oV 3^S 

^ jJ 

<U>iA4 JajU|j3 

L^xjS J^SIj 


<^Jp* 

ji AuijA» 


. 3a^*1 j j j-ioA 3 j i j 

5 JL*»1 J 3 j jj -t-i /i jJ 

ch 3 

II 

1 

H 

CH r -C-OH 

Cl 1 , 77 c -OH 

CIL— C-OH 

CH, 

4 ^ 1 -uj-u 

CII 3 

1 1 

H 

|Ji ob g jT ~ 2 —Jjj j 4~2 

d)aS 

JAiX ^ 

J>W 


1 4_4i^n «Z»v w - 1 " * 

J iJ V>S»SJ( *jj j? S UJ>13 

s£>>l^ 

CH r CHj 

CH 

1 

— CHj “' 



OH 


* J^iuSj jJLi^l J^3eS 

c 2 ] 

IMOUfe " Y 



4-4Lsl1 I 4 LUL1 zLl a -SJ I 








. Js*— JJL 4 »I j jU.i ^ii Jjs»£ 


. -U-lc Ji<»S 


CH, 

V 


/ 

CH 3 


CHCHrOH 


C^OH)e -t 


. jj hA j> Vij^ti ^irci 


CH. 
-I — — 


CHrCHsfC — OH 

3 2L i — 

CHj 


4 j^b>i *JjVi uV^JiV 

( J*ilSjY» ) JL£jYi J*s*£J« • JVl* 

S CiHiOH r 

q l* JLl 4 JulLb U^Uu-iJ 4Z1 (ZjLlS ^JL ii J jjlijV * ^uAJ 

• 3 b^ldJlj 4 j^SLiJl ^ 4 XJ j -4 JftVi iUMj j 4 JLt 4 

t > 4 ^JL) - ' 


6 (jUi ^ flWfiW ^^Lc. J^jLLjVi 

i) jjJij ^SLuJt »i ul^ljj I^.aB joSj jIjlLJi 4^il> 4 jj5LuJi 

^aJbfcJ-MfcJ UJL*J ^L±ju*is ^ j£*+ J\ JA3 • J*Jl j 4 Jjj&jYt JUA^J >UA 4 ^Jlj 

>xjj ( 2 Ljjl*i - 2u>*A*)t j-JLx2uJi 3 ^SLuJl 4S jJL ^jLa 4 ^ja ^111 j 3 ) ^SLuJt 4JU 

Zymase enzyme (vJ^l) Fermentation 2uu^ 

: ^LJGlI Ljt \ ji_cj JLuoSj ^yjl3 j JjjlicjY I (jjjSLu/) <j^Y jit 


tw>„ 


(S) 


H.O, 


Hydrolysis 


H + 


c 6 h 12 o 6 


yoast 




'( aq ) Zymase enzyme 


0 ^ 0 *+ C 6 H,.o 


6 


(aq) 


2 C2H5OH + 2 CO, 

CO 2 (g) 

J>^ 




( i an t \ I l_>LJ I 


t 3^ JiA - t 

JUa'i - 4 ,*LaaIH jjtJlLJl (*1 ama • JjjlijY* 4 jljLUi AJLjjioJt 

- j-cuV» jlc juJu ALJLJt 5j^£J\ i ^tjj2^l1 Cracking >u**£j 

• ji JLL^o^tSlJt jiu> ^tajfcjuwU 


<*1 JJ* 


^< H ; = ni, ■ luo, ," 1 '. eft* 


“(g) 


() no°c 


(v) 


( ^*1 Irtl ujU ^yA J ) Jjlj jl»jS j ^LJl J.UJLI I jj 


4_uu Ui - Aj jJucJi 3 j ju^JLi J >t*-S w t„« . ^ jj( _l^>- jJl j^SLJVt JjijV i ■ Ala ^adU 

. (JdjSLujS jU 3juC'&)3ullCt jiZjjjlS -.Vj^^u.':*.-, r.xtvi 


CHr* CH— CH, + 

M 10 


h 2 so 4 


TO 


CHj-CH-CHj 


V) 


CH, 

I * 

( || rC =CH-CH, + H 2 0 ( 


h,so 4 


- 2 -J£p -2 


TO 


V) 


on 

{jyti J>^) J >*Wj jr 2 

CH, 

I 3 

- CHj-C — CHfCH v 

OH 

( s# iSl J>*£) -2 


TO 


: (Converted alcohol) J^s*SUl 

Red spirit >«>yi >3 J l ji 


96% *^uS >J J>itljYt ^ 3 lJLc £tlil SUjj-i ^ >2u 

uUldXtid^U I jldJ jSHj . A^iAdAfc 4 ^ ^Lxl 44 >lj jl I^I lit SLJ^S^I 

J^SLoj ^ajjl+S j SUjLtu&i JjlcLL-ait j4 >ooS j>A^S J^jCu Ml 3 ju juJi 

JjjldUK J.1* 5 l#LaJi Jl >*Jt jAa) A-aJ) JftLixJ ji JUlj ^ jL-jLLit 4^tJLs*Ju*t 

•>^i . AJLl>Ul JjULu-sJl ji4Uj ( A^Jj 5 AJj^jl j ) J>A3*N * . 4*** J ) 

JjjjUaJi ji uubu • Sjuim AuUid S «^LaI*jlj Y{ JjjliuYt jSUjV J3UlLiYl 

. l^ulcr 






QuV^I 2Ubd1 

w*Uaii j ^i_,oyi j^sji j> ^usrvi i*i£ j *sllj . j-s^vi jlju 

JLJI^I J jb * 1 _<*' t >LU^l.rtiI SLoUJl J-Jbfc*li w 

. JjLait J^SLLjj 

RX + KOH ^ »■ R — ()ll + KX 

(aq) 

Ji - X> Ju£JVi J- i - K *i«*. 


koh ( 


(aq) 


CH^CH^OH+KBr^ 


J^Lij 


c^H A 

/C -Br (0 * KOH -q( 

ch 3 

J^XHX'XH ~- 

CHj a 

CH3 9-CI - KOH,- 


< Jj»s ) Jjjy 
CHs^ 

- ^>- 0H « KB U 

CH3 


CH 3 

CH^-C— OH + KCl 


ch 3 

obj>j JtA * 4 - 2 - - 2 


1 

CH, 


(aq) (aq) 


Jj^S ) Jjjljjjj - 2 - Jj^Ua - 2 


i ) _ y L) US JaSilVl XJU j* l^£l Jljj — > >n.-fc uLu> 5JI4JI wb jJ * A b^s»I « 

< ?J+! < •»>» 

. JlflfcDt ^ JuSJSM ji 


■( J^ 1 SJjbu >,u^t) AjjVl uV^kStll jjlJaDajJ uunlill J-*SyJ V( jlJIa U 





1 ^ ^ I i_jLJ I 


( i cjY jffaSJJ <t4bJt 

i ji»Ji 

t!»USjil * Jj^Ut 3u^i Ur 3Jal<t<« ji>« wjV^jfcSLJi 
CiUS >ll ui - Uti L*b i>i#l «Ulb £>U3 3lkj<» Jjt>- 1*1. 

3UIUII uLS^IIj - 4 ill i j Jjljmil iu...j"^tt 

• ^Mw ulj ^ j I i rt 

j>fc (I 4 I 4 (jJjY* GUS jit SUaLi.) *il 2 auj 

*>».*» .lift > . l*3ULc £L» jA £lij jiff *UN ^ wijju «LY**£lt ji ^ GlitSJYt 

Jj-o 3 l>JL>^ jjJUA JajIjj jjjSj < _ 7 l£. 3 j_La)t I 4 J l _ y !*Jt i *>Lba?t ^«x« 

Jajl I j> jl > L$j Lel c . lj Lvj^ ^Liujl t-ij-mj 1^4 ( \ * - 6 ) L«£ 1 g 1 

JJL£ 3 jbjj . ( ^ - © ) <J£tu L«£ « UI L^jbj 3 t-ccmlb 4 Ut £a iLJLcvjjJLtA 

.4jLd&2Lvjj ^3 j>j j « Ul iJT fl AjUji ^lf>J (Jj^S^I jjJu^t 


JUUJI 2l» >* 

j^t 

78° C 

C 2 H 5 (OH) 

J>i^! 

197° C 

(VljlOH), 

^11.. 

290° C 

C,H 5 <OH) 3 

Jjj—ifsjt 


R— O 


\ 


Jl 


R— O' 



Q 


/ 


R 


\ 


H 


R 

)° 

H. 

X 

H H 



uLuj>> JtfkjljjJt 



uLu^> juJ ^Ju> Jj. 1.4^ H 

*ut 


4-4Lsl1 I 4 ; ^jLULI zLl a -SJ I 



i < ^Li U ^Ji JjV y*SJJ 3UjU * u£}t cj^LciiLllt J5 L*j 

• J j4^L4 $ jjLA^b 3 j JLj u^U:liu - \ 

• J*umS 4 u)lcliu -T 

. ,J ^kJkJ j\SJS 3l£^4X4J 4^3 L>> Jj^L&Loj -T 
• 4XS c 4 >u > U^liD ~ i 


JudbuS J 4Xf^X4 jo> 3 jJLtA 3 jJL> 4L*jLi* U 


uV ^*SLJt 2 l a ( i 


I 4 ) ji jS^aII j4 jSU j * jLul ^^Xc j^jLUt 4 )^Ijua uV^SUl 


j JjU Jji jlilt j* l^XcLaj J* JUij « 

• JxytSjjJU^I 3x ^4 X4 ^4>jjJUA 3ji Jxi Jxi 


2ROH + 2K 


-► 2ROK 4 »l 2 


X*j >j ^ jJt ililj gjj ji ^Ji *Z»Y jjtSLU SlalulJJI 4. jIxa j^Jlj JSUj j 

3j3 4Lx>>Lj jJLSi £i 4-c >*•>* ^A 3 jlu 3 jJUAJl 3j3 

jr^ > « . u ^ V t ^ JL^JT t JjrtJ LtXU t 4laJljll L^uu^aJ Iaa 4_u4lL u/^J&Yt (jfc>*Lu £¥ I 

jrt^jjJLjA J^w4 JJiJt (OH) 2U 4j«frLXUt 4Xaj[jJt jJl& jjuu & ^QHjj 


»J-u.oS 


2C 2 H 5 OH + 


TO 


2Na 


(g) 


- 2t 2 H 5 ON V Hi 


• J JJ&4+U M JJJa J-cliLi 2 J j\jl 4 uxuSi t uj j jlj 

^A ( 4.^^> tTl ^A) 3 4 * Xi ; 6 J-*A I H-LJ jJU 

lit j - Ijl j^i jiaLXj - jtlfjYf SU^juYt jlu#j J^jCLjYI 5ml ^Xc J>3u jLLL^I 

^ylc Jju U-* 3^u*»« 4 LaA jA Jj JL%j jJLj^j 3l>^xjY1 4A ^4 JjLLjL# t-;LLj J Cj jJ 

OALIj J^ULJt tljluj JUu ^XU ^Ua» ^Xc >*_> lilj - jrj a» jlc jlcL-sLS 




| ljLxJ I 


JjjlijVl LuU ALJbij jSUj ^ ju^Jt JL^JS^dUt A*L*> cL^uj 3 ^U t-<u * >j 

» ^ J*ua£ jjJukA* j 

mm V »:<>„ » C 2 H ? «)H (aqt Na()H (aq) 


' >^ ly ' ( V 

J ■ --» * ‘ "« < jufc j wi jJLoVi -»» tl ^U^VI v* «I«V jsxSJi J^ 1 *"" 

< 1 ^ya.4J*Jl *jjj* Sy*3 3 jj *jj> J»* 

. J^SjjXuk 2LC£*3b« 

J-2Sl» Ujr - XV> >-4^» cr^ w>' oA-SjYI J **£*' >t UjlLc 4Ui jSUi i 

•un >* < 0 W > w>-»w J#****''*' J*- jLUjjiijY* ( 0 '“)* 

. jLc. j ^ ■ < ' 1 guUJi 

CR- CO | 0 H+h| OC 2 H 5 SjISki CH 3 - COOC 2 He + h 2 o 
4^1 


JcliSH gl *1 ^£>ut JlLkj a 

• ( Ll>V Jj Mi/i <tl Jyi ^ <*j ul ^ju«Vt ^ jjLtMj) ^juwVI 


*j ^SjJ» 


( t 4^L^4X4J 4 miI> U^fiUj “ ^) 

<j-*U ->>V* y l^jlib iJmJS jjJU^Jl 2 Ul ^^I c, cjV IjHj 

.(HX) 

JUj^lS Aajl Jlitrtj jUt j£ JLbj $lS Jrt4 >. ^4 J^jIujVI 

. J^LjV» JL»j>£ Ij^SLi JJsL^ J*US jIAJI 

( I UOH + HCI S -3 - C 2 H,CI t H 2 Q a 

* 5 (£) (0 * ? (aq) * W 


* ^uSLaJtj JfjCuVt ^Jt jJftu-tYl JUjjlS <1 1 uUj 









ulimli ji ^jLj J-l* SjumSj+Ji J^ifjkJU Jj¥ jluSLu 


£ frjJ bLdui 5JUuSV* £j1>j *JaLLs*3j JS /luj^oSJ) jAiflij j/.^ 1 % 1 ti 




tJ j JLo jlSUi 3 L^ j 4 y. 4 j 3 UaUI Cit ji v ^Lc . LmS >«Jt J^bJ* J-ai >S >uj 

Sjlu JxMtSjjJUA ik 7 I^ Jain Udlc jSDj - JxutSjjJUA ul£f«a 4 ^)( 

waS >• J >.-* -05 *U Jloaj U JU, >** j CuLj >uii 5 -jUI< wtS >«Jl J >So 3 jl>Jj J >j>S 

• wuLj 


j - i 


^ jJU Alm/L* J$£j JjJLojl&h Ajl$+s*a jV J-o >Lx>» ^Lc i-JjYi cjV p a£JS JU*SLo 

5 ji JUbbSloJ LtjLuC J JUAJJVl j ^ SaJ jVi 3 ji JUuSLxJ [aJljlM± ja>J;JLiA 

^j (O -luA jJ i. a, 4 *« V < V ji JU**SLLj J^jIujV li - o 3^~ h# biji A-oL^Jl JU^J< 


^4 3lDU 4 a^ iS lfJ{ i Sfa&l |%^ J^lltVi ^4 3 ml jULXi 4j ^jji ^ i JUc uujjii 

JiUjjS ^jlj J^ba* 


H 

C-OH 


(O) 


I 

H 


(0 


OH 

CHi-C — OH 

3 i 

H 

jt- '-r&J* 


-H ,0 


CHtC =0 

H 




d^pUjI , 


OH 

CHjC=Q 


[O] 


co 


o^U - >5>+ll 

>uju la>^b * JjUj j^JutJL 3 jl+J 

>^Srt 


SjL+S 2Ua*£a*Jt tliQjfcXi >J £ju*Jo*juJ te) Ui . ( JLb^jlujVJ 

« i^j^J 3 JU*S >4 


j-aXj gr 4 ^0 uu> - JjV ^ jaSLU jrykjLuJt ^btaj Jjc. , rt^iCiT taXH t jl& ^JU^Xluj 

jJux j XX 4 JtI^ uUjj£ iSLJL^uJ 1 jjU I^j Xj^xjI Jii> 



I l_>LJ I 



( ^ - 6 ) (JSLut ljLJ jruij LuJ t > rtmCt i 




Laxl I ^jLS tiLS JpLaJt j- J ^Jl 4 



ojjiyi ^lsj 


i AjjjI^Ji iLV 3 JLb^Si -u 
|iVi 3 JLj*i j 3 5 j JU J--sLo 2 l>jjCJi uV J >L u jlSUl 4 -c ji t±u^> 

JUmSLu ylik j^SuJ j ^4)LiJt A3j^L>l I t > iJL>t j J^ltl > ^ jJLuiSVl 

* o^' cAh 1 1 


H frN , 

I [0] 

CHjC-OH— — !* 

J I (O 

CH 3 

( Jwj>j > l ) 


OH 

CH3-C — OH 

I 

ch 3 

( >^*Aj -r^>* ) 


-h 2 o 


ch 3 

\ 

/-%) 

ch 3 


Jr*-*' 


i A . '-.um *Lv>jfcSUi djujsi - _► 
. U#j^LaJ' JJA i ">*<■*) i tiafluV I jj bjl jllj JiriTiV J^luj ^«JU ^ji U|I» 


( i AiS JjJkSUt o jjfcj <L^l> -t) 

■i-Lc. J^LaUt £s?lj ‘ >S>Xt ^4 uV J cLZlu 

<>•4^4 e-Sj^*- 180°C 3 j< >»J' u$£3 Uj^*^ 3jt>sJ' J^SJI DUu>». 

^4 &l£j^ 


H H 

H-C-C-OH 

H H W 


H 2 Sf^cme.^ 
180 V C 



(g) 


+ H a O (v) 



t *1 


jrUJ^> JS ^ #U ^ jSQyl > mUu ^SJ< Jrt4 > jli 140°C 3 jl Cuts li| 


C 2 H f ,OH H^SOjConc.^ c a H s — Q-QHs + 
C 2 H 5 OH (0 140 ( (9) 


H a 0 

^ (v) 


; . oX^uVt j $^SLU SloL^YI 3 u*aYi 

^p-4 4ajb*u&Ji Cul^LLtfJi 3 CjjuJJi cP^* 3b^uyJl CubS >*11 uufuS - ' 

. i * !>UaJt j 3LijjVt 2 lcLL*- 

JLUjj 3 3 jUS 4. JdC jLi—Vlj (% 2 Jt (% jaml JJlx4 ^jl -t 

• ubj^Su^lt Jli JljjJloJ 

ji 2Lj£a&< Cub 4b>JbjJi jtb * jjJi 3ulLua» J^iLbYi ^jl^Lu^j -T 

JjLtbVl ASLdl j\ ~ y I 4 J L«J *bJ $ j*SJ\ CjU J 3 Lb 3 j LL& ♦> jJu 

• 4 ^ <> J La.^J 1 jtL> j J LtS^I %uub 

♦ Juj* >*N J^U Jt JLLJl 4 jiuu ibt jbaJQ J^i^S f jJwu-uUJ J4 Lll.V) -t 

9%b>* ♦ bilkLijl%+ J>jLU«5 % + Jjjtiuj 85%) Jj^SLfl J>u$£3 «>k *• 

• CjLlLu^Ji j3ju jJu fjJ*LL*+j ^ jJi ( 4 U $ ^Uibtjj 

*11) 3 j - 50°C 3t irtrtiiuti 3j1>aJl CjL^j4 jujSI cu< jjla^a jjJS 4j bt%3 *1 


. ( - 110.5° C ) *JL%ab 3 Lj> jA ^liuuV 



^ jC 1 1 I ljLxJ I 


£)ULif o utS jijJ u A <^jL£> - 2,1 


-^. IluLA y 

CH 2 — CH, 

I J^SLiL^ J^Ll»yi. Jti. 

OH OH 


. JL«jL U 1 AUuU 5 jL*S 3 J jLJt J^laLUJt till jUmJI J j-c* ^jl p, '■*■" - » • ' 

j U» ij < u SLJ J 41 Jji^w ^ S.UiLUi i 2 l> 1 *t 

. 4-cUlaJi 'AitaJl 

JlLJi ^8 J4.JU ^jjt (PEG) JjSLl*. JJLSjj j^J>J 4JU ^X) -T 


. J j ^ ‘ ^ Ala jZ.\) j j j 


ch 2 — ch-ch 2 

I . Jll. 


OH OH OH 


{jLj^^j ^ luSju^ L lA - 3,2 ,1 

• cjl+J>£Jt j cjt jd+PkJUM* ..U^fcU A,* la y 3^US ^ jl^LL^ -t 

. 3U *jLJ! j Aj 9> +3\ *JU* Vl AiV ^IL# ^ J* JL* -t 

Ji4> j4 trajt>> 5 ^Lu)! 4 4,«lf J ^XJ - T 


CFL“ OH CH-O 

I Cone/ A ' * 


+ 3 HO -NO, 


(0 


h^o 4 


CH-OH 
CHrOH () 

• AuoLi}l uUjVl ^ jujI Uui J) 


(j^H— 0 


NO a 
NO a + 3 Bfi 


(V) 


CH r O— N0 2 


V) 


jjl U£ 


4 ^ S>b> ir, ililaS jJU ^ >- 

l*ii Sjujlc ^Lu^LS ji iibJLJbjJi j4 ^ju 

JIjL# J j IjS AjL£+J*A ji JUAjJl uubkJ jJUJb f4X4 Jj-4 ^Xc 

C 6 H, 2 0 6 3>iS>Ji /♦ 





CH 2 • OH 

CHO 

c = o 
■ 

(CHOH ) 4 

(CHOH), 

1 

CH 2 OH 

CH 2 - OH 


^ rtlCt t ^LuLLdl ^ULu^Jl 

jjZjX&JA ^LiuSCXt ^LuLLdt % it j rrnt t 


-< ^ Phenols uV^ufljT^ - 

jjS i }\ J jjJLjA l^iJl J irtll AujLt Jjt A tit j JUA wJLcS y uV 

• ^.*ull > j^J jS uljJL) 3 ^dlLui 



. 4^£**Ab»lt jIx^J ^Jll%S J jJLJiJt 4+*ijjJU J jlu ll** j 


C 6 H 5 -OH ( 

3Lj/l 3^1*5 V 3 ^uS iLcUttf 4J uaS y 

£Lu*»Vlj Cil cP * 4 ^L*uLi*Jt *y* j-JlS 
• c^-^i (c*?>***^^ ) 



(^ *" Jjia 

. Jt ^liijl ^^> 5 LJi j^taiUi Ja - ' 

JLLutSj^JLA ^4 I tlilllj Lull 1 ^ 1 4 l)UjjVl ^au>yi^}( uLS j 4 • t 

. 300 atm J Lc * 300° C Sfcatflj >• 3jt >>» Aj^j* ^| 


Cl 

OH 

(<S + NaOH 300 C , 

(O) 

. - L laql 300 atm 

x/ v 


J.W® 




( i an t \ I l_>LJ I 


( sAuIlLi 

JbjjJ* 43° C JLul j q ^ * » - 5 jo44 3bul j I4I JLbbJ 5u jlS l^Ul 3 jU J >i Jilt 

. 65° C JLlc UUj 4j ^J-Uj IjIjilM 3 l>. jM £*>j cUJi 43bj3 #UJ» ^ 


( ^ 1 3 bjb.+*Oi jSJt ; 

: <J AjjUi 4 J jJLtSall - > 

4 4 -x^ Jj>ji * 3 ^ 3 ^J\ j> >3 3^A(ibift ji Jij jjmJi 

Ji* 3u^Ji Ot JJLkJi V4 <J^ULLj JjJuJdtj J > 3^SUi ji ^JLJt Judujj 

Jb^jj (O-H) ^4tii ^Jl JUi £j^jj 

jV 2bjl£lt bj*^Jf Ji* Jjb^LaJt v* ^pcliLxJ l^ji Jl)3 ^JLc jJ > 3 uV > * 1 *^^ 4 

J*ji Jlyi4 tj J^uail l^iJi )j H-O jru aLi >i ^Ji J ^4 JU> uV^ ujh jj 

♦ JlLJ I ^ (J^juus3\ J ju ijtj I jJ Jj> 3 j JLt^Jl 


— °H Jj^ft 

R— OH 

rJ p J ^ a ]\ £* . i 

< 5 )— ONa + H, 

RONa + H 2 

ON a + 1^0 

JtUijV 

^ yl J Jfcj .1 J jJuA A^a-O 


: ^Jj^sSHIb AbjLia ^4 JjJLJJl J^L - V 

5 >S 3 ji ^ aL ^ >» ^ 1 i ^Xc. 4 Jal. > » 

j^ 4 j V IjJ • 3 4 Jbjl jJt *>JLA j tnrt JomiS jjJU^II Xc ^ 4 X 4 j ^ I 

. JiY^dfeSLlt JLU 3 J V* V 4 bJL&bub JiY 4JLJ1J1 j 4 ^JaaJS ALc. | 4 y 




-OH 

J>*> 

^Wjl Ijil J&UbvL^V 
ot^* u*- 4 f' 0 # 


Jj*a 


R-OH + HC^- 


RC1 + HjO 


HQ £4 



i 3 - T 


^04 ■>• ^4 J*cLo 3 j 

US • 5 >mulX* 3.aU ^kj , M j >SLJt i UjLmj ^4... >j J^LUJi jjJLo Mj 

AuJljt J 4 • " Vj j-A-aVl J^llb -LbfcJt irij 3 i>9 fcJl £ *>bJ 5 j^lrK 3 jUS j» '*"■■■ ■ 
. ( aj-uuJ I ) wLcvjbtJl JLbjJ I iUij-La jjLaoj *j' fb' 3_Lc. u 3 tj j 
)H 




NO, 


+ 3H 2 0 


w 




H 

I 


H— C=0 • JUAbiU j^aJt Jr 0 ' * 

Jli^SLi^ ^JLcli ji CJ irt4'» V4 JLoAJJU j>dJl J^ULb 

. CwiSLJ* $■> J jSl J ■ aMCItb 3 >*b AUUc. ^ »j (Ci Copolymer >4 -J>j U* 

fr >au) -bL_> jl "yt 3-iLc. g . l' i.u AS 2 T<m« Jjt ^4 _J^j ^ 1 ^4._J>J 

. *U)« >***» 


-ft + nt 


-K=M2H: + 2n,b 


JjJuJrfl 3* ijulajj* JUAjJUj^Jt 3 * >► J^LaI-) -~.I jU-^ti j!l& Jjl (4UJJ 

<j’ (^! JjUUl^ >u y ul4jt -b-u^j - «U S-^JJ 




( i an t \ I l_>LJ I 


4 * 4 j+Al j ^ Sjj 3 jl ^ Jill 4 <t>Tt JJLJL^^LJl £J >ji ^4 CcUSLJtj 
^jixJi iZjLjU^j 5ujlj CMjjSft J^-c ^ J*jLL*j JUjk JjLc. jfk «b ^fSLU 4l*jUL* 



jjBl #UII (pfc J>4 jift J>bfc4 ^Jj (111) JUjjlS JjfaM ^> Ljl jlii 4ilLi»j JLlc - ^ 


{^sagjj 4 -lo^Ij (jjSSLi * Ut Jj. I ^ La 2LaLi>f JLlc - Y 





uV^u^l j ) >- 

i ^Li Im JS iJUi ^uSi * ' 

ij >X4)I <J £J*£l< * U uJ V £AAA)\j uV ^J fcSDl ^jirt4l> - i 

J ^jLjuVt JjU< jlxuLJ - j jJL*Yt >SLj J-cLaj - jr 

wJLi^SLJl J Jjj^ab|JI ul ^ij ^ 


t ( i ) U ( «-» ) Ja >U*t - t 


(-) 

(<) 

- ' 

<r* ^ * ' 




jjJUfli J ^xS - t 

JIj^SL) ji** - t 


Jjj— • ® 

^ ^ bG 3,2,1 - 0 


wLJ >J >£)» j^4> * "V 

Jjibi^ 2- J-1-2 A 

-V 


1 uV ^U l^JU ^1jjI>I 2LJU)t ujbLill J >jxj » ' kj^ * ^ 


J jjIJuV 1 5. L^i *u 


>S >4)1 ^ILu^uSji jA4> -i 


iu^lSUi t - w 
■L*AJJU j^kJ< * -S 


juliVi uCumI jj^Sj -i 
JLuuS^lil - jj» 

> j^icuyi jla sljuh >hU u - 1 

JJLi -j 

JJUAj jSJ* jA4> * -»► 

t 3ulU)l >XjLj U * d 


- I 


ji* ^Li 


1 J^UuJi LLu 4 AuJLJt u)b^xJi J ^xj »kj^ - "V 

• J ^1 XltOilaJ I 3juu£ ulxIdUll * I 



1 ^ j * ^ I i_jLJ I 


. tjiS * Jl j J^JuVl JLyjjj J $jllj Vi - «_> 

. ^>-£»n j ^j» - s 

• o^! - ■» 

• J>^ <**\ 

• *>-***' j ^! J*^J' - J 

t 4|H jiT I^tl A ,_>♦.«. <P 1^ 4 nr (%J 4-ULJl wjLhS j*+JJ 4_4 jLLJ| I^?l wwSl - V 

- 1 - JuLi - 2 - I 
* 3 - iJu J Lu* - 2 - T 
J>iG*u 2 J^lji 3 T 
J*iLi**J - 1- -1,1 * 

$ ^LJL^l Jit - Aj* jJ L> jlcUoj Lmj >j SlJVi >2>V >s*£Ji yj j-A 

J* Loj*«Jl - J*£uLj> aOAfVl - J*itl.Yl - Jij-uLjJI 


1- CHj-CHj-OH 

2- CH^-CH^CHj-OH 

“ CH^yM-OH 
CH, 

4- fVfn-on 
CH, CHj 

^ CH^“<pH— CH^“OH 
CH, 

r_ 

^ CH r <j: — OH 
CH, 


t L+* Ji>~ JJSLJ iLs^-Aj^ait *Z#UL»*yt JJS J*jL-Ji J >!>►» 

. 2u %L V * ' 

• «> ^jLuSyUl JLmS 13 V uLS ^ 4)1 • V 

• ^U>l4S 4^1 jl^SLLj JJJ) CiUS >*J t - T 

* 140 ° C JtJuL , Mxxj j-jSJ \ m ||li tta itii >S-j| ^hal JjLlS j»*lt - t 
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<ULuw££)j£JI 


Carboxylic Acids 


> 


Su$ji UiU^i J 1 $j\ ¥• * Si * Ja*L>> Su^iiuJi il j£li 

JjSjj ».Lu^SJ>j JJUjjJSjjJLtfJl jSU>lS AjftiuJl ^ Jli 

J SU^JajJt tZiUS J**lt ^4 SU*jbLU SLc >4->4 SLaLa^S >j >&H Yi 

(•COOH) Cj\jz > 4Jfc4 ^4 ^uSi y Sue >^>4 

*3j J • SLuULJVi ^jJ»L 4->» V< J ^JoSUt j^ X4J J L Mi^ j£lt ^LC j4X4 JUB J 

• ^jUjji j44> j^SuJ 3 ^MlUi jj^Ju ^II A£^4^4 r<Lrtll 


. SuJbfr jJl Yi * >SLlt Slj j L>> i Sbu*L»Jt ^LoLo-J Vi Yt J^LIaj j 

• V4 ul jdU<i ^l* jA ^ ^ll4>Sri I ^uS bj£ jV 1 jJtiLi J 

J-4 4oSy SLC >4X4 SU>*ajJt 3 Jm 4.^%1> Ji* >SJl ^>4X4 

(-OH> Jo^SjjJu^JijCc = O) 





:^jueL>J I l_>LJ I 


Qt "ikjJUu£$JjS3\ ^»L»jv Vl ^l^ji : 


( JL^Loll ) i ^U-JS £j jj£J 1 4-jo L>» 1 v wa < 


I^qJ^OOH h-cooh 

»iLj jij L)-^^ i 4**jj* 


(^UJl^UaJI 3_jjLib) » 4 -vjL1j jbU>i 


rooH 

(q) < i ooh 

^' sX ''^ X COOH COOH 



[^ > 4juLuJI 4 j4m >Tl ) 


ji ji* jj ^Ul |4 wVl Jy* 4di ,Wl 4juLUt ijLc 4 ^Lu«S ^S«I l ^l4>Vl ^jtiu ) 

J-LJl fu*\ *> «*!*• j>kJt ft*J Jlit Mlbs . 4JL* w ^jjt ;juull Ja*j±yi 

i.‘.L.amVi j ) j , %tr>»Ti J^JJi jiUiil Jy* 5 >4 Jji jirt» ^<i4i>Tl jV (F ormica) Vi 

4Iu«)U}l jA«»j (Butyrum)dJLjJJl Jy* klb^u^ull ^A«>j (Acetum) Jy» . * 1 ji 

(Palm Oil) Ju4LJl Cuj > 


( < Ml IajO 4 ;4«ii1TI 

4j_> 4 •*» SljrtJ Ul.k^'i wl juSVl ^ jj U_>- 4>‘)L^J| A J)i Jy» 1%^ ^JL> 

|iwl jIimj tDbyj^U (jl.«_) 4j 4«»1 JLlc 4ji V) J y>Vl 4jyiA>H uLS 

( ^bj ) ij»L-iL> J,*» j&JI iLl ji JJLfi, ^JLc. &'ji\ JjUUJ< JtSlVl 



4-4Lsl1 \ 4 ; LUL1 I 






Ui*j l^jl 4 mij AjjImJI iSuUmSjj > jA>> ^JLJt 


IjuJ (%*»t 

j&iSh 
ul ji j J bc, jJu wlJ& 

4 jJLrffc*) UoJ jA4»Il 



jiW 

'UuLAj&ai 1 jrt«» 

(Formica) J 

HCOOH 


JllfVi 

. *l i~i.»V* 

(Acetum) jib' 

CH, COOII 



(Butler) 3_u jJi 

C,H 7 COOH 

J±j >jlSL) 

^ISLij 1 

O* 16 ** 

«*li}»»tUJl jit» 

(Palm Oil) Cuj 

c 15 h 31 cooh 


^ic. Jl jjLb j Jj -< >j 3Lj 3LuUlJVi >U>'W Jll*S ,±L*iy,Yt >«> JL*»LUf 

i ^‘‘ l *-» tl <jy i# tlLIwVl j^L4> jurtnl j^la 


i 3i rtj^IaJl - ' 

^u..,ij . a^-^Tt 5 LJ ^atSLJi 3 JUuSLi JjfcJt ) ^Jtxj 

• J^ 1 Jl>«j **3fl b>3SuJ» J >>j ct* 

I jAbUfVt J * t 

J-aLLL^^U 2 b^A^II 3 jJU^IL) jUftj ^Lc 3 L£Lua)I ^Lu^Vl 

• 2 J jmxIi jjjJU jluaSLLj ^Iklt jl^jJLLmVi gJLlLJi 

H OH 

HCsCH + HjO SS& CHrC-O -E1*.C HrOQ 




(g) 


if) HgSQ l (6(rc) 


AjhJ^U^Ji 


if) 


if) 


jLlJ 0 uu^ 



^ jC 1 1 I ljLxJ I 


i 4-bUuJYl 4^*LaJi jji jjJ t 


< y » ULtjlj ^jrty* ) 

i _jJ»L*_>. Vli . AjjUt AJu&J* 3-iLj j-J Aj^auJt ^LoU^dJl jrjjLU 

• Lie Vi ui . *UJi Jt iub SaUu 4juI J l*J <U*lS Jji*- l*i* ^IjVrt -LujVi 

JXSLJl Sib^j «UJI JbjjJl 2but jJ> *+>j£ /H* aJi SUbj 3 lJGJ) 

Aj jUU jugj . «UJi J,b juU AblA j-^c. j 3bu< jJl A«-j..lc A.*A^» L«U>i Jafcj 4-j.bJj^Jt 

V^jm *,>$L*Xu OV ^ jfcSUl Jbic. «Z»l»»jJb 3l jUm^ jj jflt jdU>Vi J; ble «I>Lj » ji 
>0 iei Aj>JuJl ^U»>Vl Jblc. 2b*. >» ji Jm a ■ \^ r tt^|-Cti 3 i j.j-i yLlji jjlc 
uUj jj«Ji ^Xc, J*ju jiU^Vi ^ <L_. ;* j **• Xu .1 jji j,i ^)i i jut j jju j 

• >Xt ^^4^. C$>»> ♦ ulwxi ,jA 

o H-O 

// \ 

R— C C - R 

\ 0 

0-H- O 


juuji k* jj 

Jubj^i *1201 

J>^' 


4LL*£j< 


78° C 

46 


100° c 

46 

A**.)***' 

98° C 

60 


118° C 

60 

xu^-Vt 


C 1 ‘^*-*^ " *‘*3>J* ,_>*»• ,: 


« t J*ji ^1 - ' 


i 4 >Ji4b^Jl Ju*+[s*j\ 

&l Jlill M l*Lclij 2 Lu*IjJ| 

ju^ISVJj ( jLuJL44 »*S J t <i»l 
. ij^ijji £^U¥i j£L*dJtj tZiljjj j£lt 


2CH 3 COOH+Mg- 

(aq) (s) 


(CHjCOO) a Mg +H 

(aq) 

^ j. « —1 if I a 


(g) 


CH,CXX)H|NaHCO,- 



CH 3 COONa+CO a + H a O 

... | (aq) (g) ( -> 


4-4 IjiJI 4 : LUU zLl a -SJ I 





I J jJLtfJl &C, 34 X 4 ^J| iSj^ * * 


t ul ^x^Vi jj^Sj 

• *1*1 1 j JjV V* <J^ULo 


o 

II I 


h,so 4 


o 

II 


R " c QR cone. ^ R""C-or"*"H 2 o 

« J^-uaS^j^SJi *Lc >*^4 o>^ - T 

JJl>> J^Lc ^yft SMniJ^j 3 uIx^S $j ^j- 3U->-SM J 


Jijji JjLj^j^SLu ji cl»lj£j^S jlX# ^Jl 3liL-3» JLuc 

• ^aJi (U jSjlj ^jJi jumSi ^Lj jlc 

* ( 3 ^umVi ) ^ > 4 u«^ - ▼ 

2 -j^j ) 3uS jjl l^ujtjt jj 3 j-ytli ilil ^L*Yl J*j$SLU u3Y V4 Yi 

^ frlf Ijlxj ji JJl 3l3tiT>* £^fiY 


4> jl^j i£|g(3iirVl j3a> J^jlLyt j j i3ml jSUj j 4 200° C jlLc. uUj^S 

* ^1 uV 3 JLu»Si v J^L3j j^Sx J^ULJt i!l& . iJkj^LaJi 

o 





■. . 



( i an t \ I l_>LJ I 


J^wLu 4 1 i<l1 * jt >S A£j4X* ^l£ Jjlxj uLS ^4 JbjUjjVl j«U>Vl 

4_iaL».i ) JjmS jj >SLH 4_)jL».i SLoUjjV* Vi OJb jJJLJ) jrt«l» Jltjj Jj^Li 4 iilxi 

( 3bJLcliN 3 Uj11j ) Ju— S>J>S^t SLollUt ^U»Yl 301*1 >j (3 l»jlc.U*Ji 


. ILJ&cJl 



3 jUuS>«Ji ^t>«Jl Jj ^LkJi SjuULi OIjjJLJi -b-»i JSL*j^ 

400° C Sjl^l^j-i jlIc ^jaJi *»*Jb 3 ju-SL> bjbbi ^LUi . 3Lu»Li«Jt 

. ju— S i ,_>*»<• Li j >>»$ v^*i 


CHi 



+ 30 2 

(g) 


VzOs 

4 00 ° C^ 2 


COOH 



«U)t ^ bbji Jjij iLblilYl jjU>Vi J. Mbi ^*ii 3ulc. 2 lJUjjVi ^W^Yi* 

JJJLj A 4 <11 >4^*4 J^jLIaj Jj>t$ 

4 jjjSJj $1 l^jl JluaaS jjJLdh ji Cj\ JJLiaJl ** £}Ui J>j$SLj JJJi JJU-L)3 ^LoLo-JV* 


NaOH 


^ 0 )-COOH,- 




C 2 H 50 H 


<2^ 


CjV V 4 Jjl jJLj 


COONa t HaO m 

(aq) W 

jJu JtU 


(§n 


COOC 2 H 5 ♦ H 2 O,,, 

(aq) U) 

Jib Yt lil 3 jJb ji -,1 


•«* (HCI) 



■ ■ 1 » ■ 1 1 1 *i i m f Jls> 


( : LoLc>» ^ 

H-C'OOH -1U- j^Ji > 4 > > 

j 4 nfl I l^UtJ ^4>Vl Ji » jl Jjjju jjjl ^jrt 4^Tl 

• /luw^LJlj ^oAIaaI) ^ykj j^la.aJl j Aj^JLaJI uIjumJIj 

CH^COOH T 

«I*1 j>L» ' 4 lA w i ^ |6*C ■> if i > 4 y 1 j <b*j' jJt aUu 100% ^iJJi Mj"...Vi ^^4 >. 

4 % >.mWI /tjtrwt) ^ , «li>l(»n o«-“i 4 j.ll iu»U^ 

bibS >«ll 4^* >j.*S>Jl .ji 4 -*lA 4 _J ji 3 aU j-Juu 5 J jLL^Jt JJ«Jl ^Xc. 

. 3 u 3l JLa)l uliL3Vlj - X j j *.-fcti ulju^Ilj uULuAtlj w '~ 1 * - Tl J> Jl* ^ j j ~-« t| 

COOII 




Oj ■ , 

%ili J*SL»J Aj*JU 4^1 1 jj «UJl Jbj jJl j 

^js 0.1% ^AXwJj . ftmlltlj ^ -•» * ■ --» " » 1 J^mjj (UJl jbjjU 

. 3L»jLcY» AOA ^ >«j ^JU3 l*iV AlsbiU. 3 aUS 503 2b jlcY) ^ 


H 


H — C — COOH 
HO-<j>COOH 
H-C-COOH 


M i j~. . t l 


- t 


I 

H 


SuIiaYi ^jLc. UjJiSLJi >4 J jJUj >*5 1% Jl» ^ -Ly*» 

A^SLaJI yi Jlbajj 3 >wS iiUtU-a 4 j 3 (pH) jjJb^H |0 jJt ^4 JXaj AjV 

. j l^3>) k _ r Lc. LVol^J 3 JL 4 .-y. 4 J 1 


OH 

I 


CH r CH-COOH . 


>SL« b^lSLJt ^<>ji ^-aju) lA jjJu 4^Jl bjU-J j-»Vi JjuJ ^. y -bj JLy>j 


Lji «.llu> 



I l_>LJ I 


• iZi *ajtf \ ^y± tnd23 uyuitjj •* ^ Jj ^1 j L*S • ( j^S ^01 ) Jj-Ji 1 


( g-Jt>*Jt )cj\ j Ji4TfcH JL>> 5 ALdjft JjLa^SL) CjQ^LLuiJl j4 


oi 5 u>*j*Ji fajita $Ji jaju j^aju ^l S* *&3 + { H*' J**j 3ji>*JU Ji ^ . o j 

« .MlaLJ) w UX4> V 

jl ^L^jjLUI ^MU^y JlUJlj 2L^ Lifcjt i %i J “ lA ^a ^jjS Ajla ^lua3 

^jJ>* ~LLUJ L*£ .^LujuJI A^JJllL^I ^J-JLaJI <^Ac, ^ \uz&2tS\ ^yju^Juuii Ajl uA {jA *LA 

.^y^jjuuj^t I WL^LLua Liajl 


Amino acids i jaU>Yi - A 

^j-'-* 1 ■» j~>* t-»...»ij . j.'-.«ti ^-*-.1 ^ ^ Mt 4 1 >,j4i Jjl nl n )4 l^JU A ^ Vl I u> jaj 

NH 2 CH 2 COOH ..‘Lj^Vi >«XI Lu! cr 4— JJ *a A 


iJu&Vi <A£. ^ « jm jrf* jrj^^j_L*A 3 jj Jjm (- NHi ) j i.j«i i-c. >«^* 3la».j3j j>Cuj 

- .*1 j’i..Vl ja 4 » >► 3 j>s»>Ii 

„ 

i'-NH 2 | +( lfjCH 2 COOH NH 2 CH 2 C(K)H 

\ / 

jjia*i /U jwV- jA4> 


^Jl la-ii JjjjLc. 1 4 I 4 JL^>j JSD j 5 j jljLL* Ajlu+LjJi ^jl ^ti SuJLytSfl ^j-iU^Sfij 

j4 la^.^ l^JL) ul!uii j ^uJl 3 J $->» ^1* 3Lxu<Vi Vi j.uitlj • ulluj ^Jl 


^Aj 4^111 (a ) litfi J>j jiJ* 5 jJL> 3 l 1 «aa* J^SLj >iu^Vi ji ^>» >1^1 LkJVl £jj 


. 5 jJLLut 3J jSJ 1 3U: >4Ju 

R - CH - COOH 


NH 2 

- <LJLyjV) 







? l^i *■***£ $J jS lirt4» J * llj 4ojVl uLS ^4)t 


o 


•-CH.-CHtCHtC-ch, 

, if 

3- CH^-CHtC— O— CH j 


O 

, (I 

.S-CH^CHrC— OH 


2- CHj-CHO 


8 

4- HOC-CH 7 CH 3 


1 «Li_t V 1 AujU 4 .>Sll A “_• -* 1 I4J ^i}l jl ^»U AfUliwJl j j .«a!l i.i >S t - V 

C 8 H 6 0 4 - * ' 

C 7 H 6 0, Jo i i^ jj. UA j J juA ^J _>S A_> ,yUjji - t 

C 2 H 2 0 4 Ja*-S >j ,^»L o jA4> - T 

C 4 H, 0 O^li^l >^i-t 
C 4 H io O AlwJ* - 0 

1 AuJLtJ' - tl > ■* LSI - T 


. JJL*A jjirfl k «a 4 > • ' 
. ifluaVl j<l> 1 > - T 

.<* -r 

. wUluAuJt „ >. - t 
J>m 4 ^Lo - 2,2 - D 
. M ,jMC ^I ...c 0 -rt - 3^-1 

• ^jUi) ‘ 4,2 - V 



1 ^ ^ I i_jLJ I 


^b b SjUuSi *> jt_»UJi w )A 4J«JL} 4-bLV 4 ■_» .oh u> I S I ■ t 


I-CH 3 OH 


2- CH-CHO 


3- CHjCH-CHjCHtOH 


O 

II 
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